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THE SHAD—A NATIONAL PROBLEM 
By CHARLES MINOR BLACKFORD, M.D., Staunton, Va. 


Among the many blessings bestowed by nature on 
North America, the almost infinite wealth of its sea and 
inland fisheries takes high rank. The famous fisheries 
of the North Sea become almost trivial when compared 
with those of our Atlantic coast; the much vaunted sal- 
mon streams of Norway and Scotland become merely 
sportsmen’s playgrounds when compared with the Co- 
lumbia and others of our Pacific streams, and probably 
no equal area of water in the world is as prolific in fish- 
ery products as is Lake Erie. From the bayous of the 
Gulf to the tributaries of Hudson Bay, the two species 
of black bass abound, while the charrs of the east and 
the trouts of the west afford game to anglers from ocean 
to ocean. The gourmand familiar with the flavor of our 
American fishes, finds the whitebait of the Thames or 
the other far-famed delicacies of Europe insipid, for 
there are no fishes of the old world that can bear com- 
parison with the red snapper and the pompano of our 
southern shores; the blue fish, the weak fish, the Spanish 
mackerel and the “spot” of the Middle States, or the 
hake, the haddeck and the cod of more nothern waters, 
to mention only a few of the better known products of 
the harvests of our seas. Without disparaging these 
or the equally luscious fishes of the Great Lakes and the 
Pacific, it may be safely said that the veritable king of 
food fishes is a denizen of our waters, for there is prob- 
ably no fish on earth that surpasses the shad in all the 
qualities that go to make up an ideal food fish. 

The true shad is a memher of the great herring family, 
and it may be claimed as essentially an American fish. 
It has a near relative in European waters called the 
“Maifisch”, but this latter is so inferior to its American 
cousin that it cannot be considered as in the same class 
except zoologically. In America, there are several fishes 
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that bear the name, but they differ from the true shad, 
and, in strictness, the name should be given only to the 
anadromous species frequenting the coastal waters and 
streams of the Atlantic and their immediate descendants 
on the Pacific side. In the waters tributary to the Gulf 
of Mexico, are several species, such as the Alabama shad 
and the Ohio shad, whose origin is uncertain. They may 
have come from those planted by the United States Fish 
Commission in southern waters, or they may be indepen- 
dent species. There are some fishes commonly known 
as shad, that are not herrings at all, such as the gizzard 
or hickory shad (Dorosoma cepedianum), the mackerel 
shad (Decapterus macarellus) and in some places even 
the common white fish is known as the Lake Champlain 
shad. The tendency on the part of people to carry fami- 
liar names into new regions is seen very plainly in the 
names given to new plants and animals, and the various 
fishes known locally as trout, salmon, shad and the like, 
show how little the common names can be trusted to 
show true relationships. The present paper will give no 
attention to these namesakes, however, for the true shad, 
Alosa sapidissima, is the one whose preservation has be- 
come a national problem. 


The natural history of the shad is but slightly known. 
In the early winter the spawning fish appear in the 
waters of Florida, and as the season advances, they enter 
the streams of the more northern regions, seeking the 
headwaters where they spawn. This migration seems 
to be dependent on the temperature, for a cold spring 
will markedly delay their appearance in a given stream, 
but this is about all that is known in regard to it. There 
is some reason to believe that the fish do not migrate 
along the coast, but come directly in-shore from deep 
water beyond the continental plateau, but as nothing is 
known of their pelagic existence, this is uncertain. The 
shad usually appear in the Chesapeake Bay and its tribu- 
taries in April and May. In June they are apt to be 
found on the New England coast, and then their run is 
over. On the Pacific coast, Mr. N. B. Scofield of the Cali- 
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fornia Fish and Game Commission, reports that they 
enter the Sacramento and San Joaquin rivers during 
April, May and June. Evermann and Goldsborough* re- 
port that one was taken at the cannery at Fairhaven, 
Alaska, about July 1, 1903, and the species has been re- 
ported from Kussilof, on Cook Inlet. However the fish 
presents the curious anomaly of being a sea fish known 
only in fresh or brackish water, for absolutely nothing 
is known of its life history except at the spawning time. 

The female shad is decidedly larger than the male, and 
to this characteristic, as well as the fact that the female 
contains the roe, is due the decline in the number of fe- 
males as compared with the males. A net with a mesh 
6 1-2 inches square will permit most of the males to 
pass, while it will take most of the ripe females. The 
mature males taken in the fisheries of the Atlantic coast 
will weigh from 11% to six pounds, averaging about three 
pounds; while the females will run from three to six 
pounds, the average of both sexes being a little below five 
pounds. Stories have come down from the early days of 
the fishery of shad weighing 11, 12, and even 14 pounds, 
but if these ever existed they are no longer found; nine 
pound shad being now very rare, and ten pound fish be- 
ing about the maximum. Somewhat larger fish are re- 
ported from the Pacific side where they occasionally 
attain a weight of some fourteen pounds and many are 
taken that weigh from nine to twelve pounds. Within 
the past few years, fish of this size have grown more 
rare, and no doubt they will soon come to the level of 
the Atlantic shad. 

The decline in the size of the fish taken has been ac- 
companied by a decline in the number of fish comprising 
the catch until the matter has become of national con- 
cern. In the early days of American history, the fisher- 
ies played a large part in the sustenance of the people, 
but shortly after the Civil War this resource had dimin- 





*B. W. Evermann and E. L. Goldsborough. The Fishes of Alaska. 
Bulletin of U. S. Bureau of Fisheries, 1906, page 234. 
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ished so markedly that Congress took action in regard 
to it. Several of the states had appointed commissions 
to care for the fisheries of those particular states, but 
the American Fish Culture Association—the predecessor 
of our American Fisheries Society—urged the establish- 
ment of a national bureau to enquire into the condition 
of the food fisheries of the United States and to take 
steps toward their improvement. The great falling off 
in the shad catch was the main reason advanced for this 
action, so in 1871 an act was passed creating the office 
of Commissioner of Fish and Fisheries and directing 
this officer to prosecute inquiries with the view of ascer- 
taining whether there had been a diminution in the 
number of food fishes of the coast and lakes of the United 
States, and, if so, to what causes the same was due and 
what steps should be taken to check the decline. It was 
further provided that the Commissioner should be a civil 
servant of the Government, of proved scientific and prac- 
tical acquaintance with the fishes of the coast, and 
that he should serve without additional compensation. 
Though no name was mentioned in the act, this meant 
but one man, and Spencer Fullerton Baird, then Assist- 
ant Secretary of the Smithsonian Institution, received 
the appointment and continued to fill the post until his 
death in 1887. The collection of statistics as to the fish- 
eries and the conclusions drawn from them, led directly 
to the artificial propagation of the more valuable food 
fishes, and to the success attained by the United States 
Commission of Fish and Fisheries and its successor, the 
Bureau of Fisheries, in fish culture, is due very largely 
the fact that our principal food fishes, and especially the 
shad, have not become extinct. 

Although it is familiar to all the members of this So- 
ciety, a review of the life history of the shad is necessary 
to understand the present situation. The shad is an 
anadromous fish, and is hatched from eggs deposited far 
up in the headwaters of the streams. Distance seems to 
make little or no difference to the spawning fish, pro- 
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vided no impassable obstacle intervenes. Stevenson* says 
that in the early part of the nineteenth century, the shad 
ascended the Savannah River to Tallulah Falls, a distance 
of 384 miles, instead of 209 as at present. In the James 
River their former run was some 350 miles in length; 
the fish going far beyond Lexington, and old deeds now 
on record in Rockbridge and other mountain counties, 
specify whether the right to take shad in the rivers run- 
ning through farms passed with the land. The present 
run of shad in the James ends with Boscher’s Dam at 
Richmond, 120 miles from the sea, and instead of the 
fish being so plentiful as to be called “food for injuns 
and niggers,” it has become one of the most‘costly deli- 
cacies of the table. Still more marked is the decrease in 
the Susquehanna, in which the shad formerly ran to 
Binghamton, 513 miles by watercourse from the sea, 
whereas now they do not appear to pass beyond Clark’s 
Ferry, about 84 miles from the mouth of the river. In 
twenty-three of the principal Atiantic coast rivers, ag- 
gregating 8,113 miles in length, shad were formerly 
found throughout 6,052 miles while they are now found 
in only 4,107 miles; a decrease of nearly 2,000 miles. 
Colonel Marshall McDonald, a former U. S. Commission- 
er of Fish and Fisheries, stated that the shad catch from 
the 250 miles of James River from which they are now 
excluded, was far in excess of the total catch from that 
stream at the time when he made the report (1880) ; and 
much the same condition obtains in the other shad 
streams of the Atlantic coast. 

I do not propose to burden you with a mass of statis- 
tics, but a few figures will show the gravity of the con- 
dition and may cast some light on the causes that have 
produced it. According to Statistical Bulletin No. 339 
of the U. S. Bureau of Fisheries, the catch of shad in 
Virginia and Maryland in 1880 aggregated 6,946,379 





*The Restricted Inland Range of Shad Due to Artificial Obstruc- 
tions and Its Effect on Natural Reproduction. By Charles H. Steven- 
son, of the U. S. Fish Commission. Paper read before the National 
Fishery Congress and published in the Bulletin of the U. S. Commis- 
sion of Fish and Fisheries for 1897. 
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pounds, valued at $275,422; in 1907, this had risen to 
17,329,037 pounds, valued at $463,813, while in 1915, the 
catch aggregated but 6,168,669 pounds though it was 
valued at $849,527. Within thirty-five years the value 
of the catch had increased nearly four hundred per cent 
for approximately the same quantity, while after a de- 
cided increase, the catch declined nearly sixty per cent 
during the eight years from 1907 to 1915, though its 
money value had nearly doubled. The tremendous catch 
of 1907 was due in part to an unusually large run of fish, 
but mainly to increased zeal in fishing, as a result of 
which larger numbers are taken and the number of fish 
allowed to spawn is correspondingly diminished. With 
a diminishing supply, the price has advanced and still 
greater energy put forth in taking the fare, so that the 
same vicious circle is established that has led to the prac- 
tical extermination of the sea otter, the fur seal, the 
whale and the bison. The sturgeon is going the same 
road, and with these examples before us, it is time that 
some steps be taken to preserve the shad from a like fate. 


That this condition is not confined to the Chesapeake 
Bay is shown by the fact that the catch of shad in the 
Hudson River in 1915 in the two states of New York and 
New Jersey together, amounted to 15,855 fish, weighing 
68,668 pounds, and valued at $8,643, while in 1916, there 
were taken 9,287 fish, weighing 40,173 pounds, and worth 
$5,465. On the Pacific side the first stage of this disas- 
trous progress is well under way, for “the catch of shad 
has been increasing greatly the past few years, not be- 
cause there are more shad, but because of the Chinese de- 
mand for salt shad, and the later demand for canned shad 
and for the fresh fish in the eastern markets. The run is 
in fact decreasing, and was this year estimated at about 
sixty per cent of the average run.’* Since the same 
condition obtains on both coasts it is not therefore an 
exaggeration to call this a national problem. 





*Personal letter from N. B. Scofield, of the California Fish and 
Game Commission, dated September 9, 1916. 
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The causes of this decline come under two heads: first, 
the depredations of natural enemies, and second, the 
agency of man. The fishermen are prone to attribute a 
much larger share to the first cause than the facts 
justify, for although the shad have many and voracious 
natural enemies to prey on them, there is no reason to 
believe that these enemies are increasing either in num- 
bers or in their power for evil. They inflict much in- 
jury, it is true, for ‘from their birth to their return to 
the rivers shad are preyed: upon incessantly by other fish, 
so that the larger portion of the young do not survive 
their few months sojourn in fresh water, and of those 
which leave the rivers each season probably not one in 
one hundred reaches maturity to deposit its eggs and 
contribute to the perpetuation of its species. In the 
rivers, striped bass, white perch, black bass, and other 
predacious fishes devour the young, and when they reach 
salt water, sharks, horse mackerel, kingfish, etc., un- 
doubtedly destroy many adults. It has been observed by 
North Carolina porpoise fishermen that as the shad swim 
close along the shore the porpoises follow and feed on 
them until they pass into fresh water.’’* This condition 
is, however, a part of the established economy of nature, 
and there is some reason to believe that these dangers 
are diminishing rather than increasing. At all events 
these natural enemies are not new, and they do not ac- 
count for the decided decline in the numbers of the shad 
within the past few years. 

This brings us to the consideration of the effects of 
human agency in the destruction of the fish, and these 
fall under the two heads of the destruction of the adults 
and the prevention of spawning. The latter is by far 
the more injurious. A well developed female will de- 
posit some 200,000 eggs, and if only a small proportion 
of these be impregnated, hatch and grow to adult age, 
the supply will be readily maintained. The mere de- 
struction of adult fish will have little or no effect on the 





*Manual of Fish Culture Based on the Methods of the United States 
Commission of Fish and Fisheries. Washington, 1897. Page 136. 
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supply provided that spawning be uninterrupted. Hux- 
ley* said in regard to the herring fishery, that “The best 
thing for governments to do in relation to the herring 
fisheries is to let them alone, except in so far as the police 
of the sea is concerned. With this proviso, let people 
fish how they like, and when they like. There is not a 
particle of evidence that anything man does has any 
appreciable influence on the stock of herrings.” This 
is unquestionably true as regards the herring or any 
other pelagic fish, for the human race is merely one more 
enemy and one whose depredations are trivial compared 
with those already existing in nature, but it is not true 
in regard to the shad. As they are only taken when on 
the way to the spawning grounds, the destruction of each 
one—and especially each female—involves the loss of a 
large number of possible offspring, and unfortunately 
it is the females that are mainly sought. Shad roe is a 
delicacy that commands a high price, and, as stated 
above, nets that will allow the males to pass will retain 
the females. As a result the bucks outnumber the roe 
shad tremendously and in a ratio that is steadily increas- 
ing. On the Pacific side last year, the ratio was about 
twenty bucks to one female, and this year the ratio was 
about thirty to one. In California and in New York ef- 
forts at artificial culture were almost total failures be- 
cause of the inability to procure eggs, and this in turn 
was due to the scarcity of the roe fish. The increasing 
scarcity of the fish is stimulating the brain of man to de- 
vise more efficient means of taking them and thus quick- 
ening the extermination of the species. In the Chesa- 
peake Bay, the nets extend out, in some cases, to a dis- 
tance of twelve miles from shore, and the only chance 
that the fish have to get to their spawning grounds is to 
keep within the ship channels which are kept clear by 
the federal authorities. As was well put by the United 
States Commissioner of Fisheries, a knowledge of the 
federal navigation laws will soon be essential for the self 
preservation of the shad. 





*T. H. Huxley. Popular Science Monthly for August, 1881. 
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Next to this over-fishing, the most important factors in 
the destruction of the shad are the erection of dams which 
debar them from their spawning grounds, and the reck- 
less pollution of the streams. In regard to the building 
of dams to furnish power, it may be said that the pro- 
duction of power for mills, factories and electricity is 
more important than the conservation of a fishery, and 
much force lies in this plea, but there is nothing that can 
be said in favor of stream pollution. Not only does this 
destroy a valuable food resource by killing the fishes in 
the streams, but it imperils the lives of all who live along 
the streams, and in many instances the polluting material 
is a sheer waste of substances that could be used. But 
a few years have passed since laws were enacted to pro- 
hibit gas works and oil refineries from throwing their 
refuse into streams. This prohibition led these plants to 
seek modes of utilizing their waste material, and now 
many of these by-products are as profitable as were the 
primary output. Millions of tons of sewage that has 
great fertilizing value are annually thrown away by our 
towns and cities with no result save the endangering of 
health and the destruction of the fisheries. The only ex- 
cuse is that it is a convenient mode of disposal, but this 
argument would permit the use of the streets as a place 
of deposit for the dirt from abutting houses. The waste 
matters thrown into the streams fills up the interstices in 
which fish eggs would have been deposited and thus 
mechanically interferes with laying the spawn. It favors 
the growth of bacteria that may cause diseases among 
the fishes, and in the process of its decay it robs the 
water of oxygen and replaces it with carbon dioxide and 
other poisonous gases while filling the water with toxins 
that endanger all animal life. The stupid folly of our 
governing bodies in permitting these conditions to con- 
tinue is almost beyond belief. 


The only means available at present of offsetting these 
destructive agencies is by artificially hatching shad fry; 
a process that is not difficult of accomplishment. It is 
almost too late for this means to be used, however, be- 
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cause of the great and increasing difficulty in getting the 
eggs. According to the statement of Dr. Tarleton H. 
Bean, than whom there is no higher authority in 
America, it was possible to collect but a million eggs in 
the Hudson this year, though only a few years since 
nearly eight millions were taken around Tivoli and Ger- 
mantown, and forty years ago it was easy to get ten mil- 
ions in a season at Castleton, only ten miles below Al- 
bany. As stated earlier in this paper, efforts at artificial 
culture in California failed because of a lack of ripe 
females, and it is necessary for prompt and energetic 
action to be taken by the various States and by the Fed- 
eral Government if the shad is not to repeat the history 
of the Great Auk and be a monument to man’s stupid 
ruthlessness. 


i ite 


THE FISHERIES OF THE CHESAPEAKE 
BAY AND THE CO-OPERATION OF 
MARYLAND AND VIRGINIA FOR 
THEIR CONSERVATION 


By JNo. S. PARSONS, Commissioner of Fisheries of Vir- 
ginia, Accomae, Va. 


The Chesapeake Bay is by far the largest bay in the 
United States. It lies entirely within the boundaries of 
Maryland and Virginia, and has a length of nearly twe 
hundred miles. In Maryland, its width is from five to 
ten miles; while in Virginia, it is from fifteen to thirty 
miles wide. Its shore line is everywhere very irregular, 
being indented by many bays and sounds besides the 
numerous rivers which empty into it. Nowhere else in the 
United States, and, in fact, nowhere else in the world, I 
am informed, are the mouths of the rivers so near togeth- 
er as are those emptying into this bay. On its west side, 
from Point Lookout to and including Hampton Roads, 
a distance of sixty-five miles, there empty into this bay 
and its tributary bays, the Potomac, Great Wicomico, 
Rappahannock, Piankitank, North, East, Ware, Severn, 
York, Posquosin, Back, James, Nansemond and Elizabeth 
Rivers; fourteen rivers in a distance of sixty five miles. 
The Potomac is eleven miles wide at its mouth. The 
Rappahnanock and the James are each about four miles 
wide. The other rivers are narrower; but the aggregate 
width of the mouths of these rivers is more than half 
the entire distance of this sixty-five miles. 

While the Chesapeake Bay, as already stated, is en- 
tirely within the boundaries of Maryland and Virginia, 
its tributaries spread out fan-like north, east and west 
and drain not only Maryland and Virginia, but much of 
West Virginia, Pennsylvania, New York and Delaware, 
an area of more than forty million acres. From the hills 
and valleys of this great territory these rivers bring dis- 
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solved minerals and organic matter to this bay, where 
such matter makes a long halt in its journey to the ocean, 
and is deposited all over the bay in the form of a fine, 
light, black sediment. This sediment is extremely rich in 
organic matter, and in the shallow waters of the bay 
produces a luxuriant vegetation, most of which is not 
visible to the naked eye. This microscopic vegetation, 
furnishes food for countless minute animals, and these 
animals in turn furnish food for larger animals. In 
this way the washings brought to the bay by these 
rivers are turned into food for man in the form of de- 
licious oysters, clams, crabs, scallops, terrapin and fin 
fish of countless varieties; and thus are nourished the 
fisheries of this bay. 


The importance of these fisheries is not generally re- 
alized and the extent to which it is possible to develop 
them, especially the shell fisheries, is dreamed of but by 
few. At the present time more than one hundred thou- 
sand persons in Maryland and Virginia secure their 
entire support from these fisheries, and the incomes of 
several times that number of people are materially in- 
creased because of the millions of dollars brought into 
these states annually in exchange for these fisheries prod- 
ucts, which are now sent to every part of the country. 


This bay undoubtedly produces fin fish in quantity, 
quality and variety unsurpassed anywhere by an area 
of equal size; and as a natural oyster-producing territory 
it leads the: world. 

Professor James L. Kellog, professor of Biology in 
Williams College, in writing of the Chesapeake Bay oys- 
ter, said: “Every one is familiar with the frequently 
repeated statement that the Chesapeake Bay is the most 
extensive and prolific oyster territory in the world. This 
statement is undoubtedly true. When one compares it 
with the northern field, the marvel of its natural fertility 
it astonishing.” “If extensive and scientific oyster cul- 
ture were employed here, as it is in Long Island Sound, 
the result would astonish the world.” He also said: 
“When all opposition to oyster culture has vanished, the 
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Chesapeake, rich with food for an unlimited oyster 
growth, free from the most destructive of oyster ene- 
mies, with its safe and unvarying natural conditions, will 
prove to be of greater value to the people on its shore 
than mountains full of silver and gold.” 

The late Professor Brooks of Johns Hopkins Uni- 
versity, in writing of the Chesapeake Bay, said: “The 
opportunity for rearing oysters there is unparalleled in 
any other part of the world.” He, however, severely criti- 
cized the short-sighted policy under which both Maryland 
and Virginia were at that time (1890) permitting this in- 
dustry to be handled. He said: ‘The total harvest of 
oysters from the Chesapeake Bay since the establishment 
of packing houses is fully four hundred million bushels. 

“This inconceivably vast amount of delicate and nutri- 
tious food has been yielded by our waters without any 
aid from man. It is a harvest that no man has sown; a 
gift from bounteous nature. 

“The fact that our waters have withstood this enor- 
mous draft upon them, and have continued to meet our 
ever increasing demands, is most conclusive evidence of 
their fertility and value; and the citizens of Maryland 
and Virginia might well point with pride to the bound- 
less resources of our magnificent bay were it not for two 
things. 

“The first of these is the fact, which for many years 
we strove to hide even from ourselves, that our indiffer- 
ence and lack of foresight and our blind trust in our 
natural advantages, have brought this great inheritance 
to the verge of ruin. Unfortunately, this is now so clear 
that it can no longer be hidden from sight nor explained 
away, and everyone knows that, proud as our citizens 
once were of our birthright in our oyster beds, we will 
be unable to give to our children any remnant of our 
patrimony unless the whole oyster industry is reformed 
without delay. 

“We have wasted our inheritance by improvidence and 
mismanagement and blind confidence; but even if our 
beds had held their own and were today as valuable as 
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they were fifty years ago, this would be no just ground 
for satisfaction in this age of progress, to a generation 
which has seen all other resources developed and im- 
proved.” 

This criticism was undoubtedly deserved, and caused 
efforts to be made by both states looking to the restora- 
tion and conservation of this great industry. Laws were 
enacted establishing closed seasons; requiring the culling 
of the oysters on the beds and the returning of the small 
oysters and shells to the bottons to form a nucleus for an- 
other crop; and prohibiting the taking of oysters at all 
by injurious and destructive methods. 

These laws were at first very unpopular and were very 
difficult to enforce. Gradually, however, their beneficial 
effects became apparent even to the oysterman; and now 
these laws are enforced to the letter with little difficulty ; 
and the oystermen as a body would be the first to oppose 
their repeal. 


So generously does nature respond to proper treat- 
ment that our natural beds, with few exceptions, are now 
restocked with as an abundant supply as formerly; and, 
too, the prejudice against leasing the barren bottoms for 
oyster culture is fast passing away. Especially is this true 
in Virginia, where vast areas are now under cultivation, 
producing millions of bushels annually. The oyster 
planting industry, however, is still in its infancy with 
us, and has been confined entirely to the shallow waters 
of our rivers and small bays; and not until this year has 
deep water planting in the bold waters of the Chesapeake 
Bay been demonstrated to be a success. Thousands of 
acres of this deep water territory are now being leased, 
and the methods of deep water planting, which have 
proved so successful in Long Island Sound are now to be 
applied to the Chesapeake Bay. And, too, the Virginia 
law prohibiting the investment of non-resident capital 
has been repealed so as to permit sufficient capital to be 
secured to develop this great industry. 


I feel that the prophecy made by Professor Brooks in 
1890 is soon to be realized, certainly as to the Virginia 
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part of the bay. He said, “It will take many years of labor 
to bring the whole bay under thorough cultivation, and 
great sums of money; but the expense and labor will be 
much less than an equal area of land above water re- 
quires. While it may be far away, the time will surely 
come when the oyster harvest each year will be fully 
equal to the total harvest of the last fifty years, and - 
it will be obtained without depleting and exhausing the 
beds, and without exposing the laborers to hardships or 
unusual risks.” 

The fulfillment of this prophecy will be materially 
hastened by a continuance of the present efforts of Mary- 
land and Virginia for the protection and development of 
the industry of the entire bay. 

Until recently the states of Maryland and Virginia 
worked independently of each other. There was practi- 
cally no co-operation in the enforcement of the laws, and 
but little effort to get together for the enactment of sim- 
ilar laws looking to the conservation not only of the oys- 
ter industry, but to the conservation of the fin fish of the 
Chesapeake Bay. It is apparent that such co-operation is 
much more necessary for the conservation of fin fish than 
for shell fish. One state might possess a highly developed 
and increasing oyster industry while the industry of the 
other state might be going rapidly to destruction. 

Co-operation, however, between the two states in re- 
gard to the oyster industry is producing splendid results 
in enforcing the laws of the two states; and still greater 
benefits are expected from the co-operation as to the fin 
fish. We expect to accomplish the same results as to cer- 
tain of our migatory fish as might be attained by federal 
control. 

Such co-operation as to the fin fish, which pass freely 
from the waters of one state to the waters of the other, is 
absolutely necessary for their protection. Each state 
suffers from the neglect and lack of protection of the 
other, and indeed, it is only possible to conserve the fin 
fish of the Chesapeake Bay by the co-operative efforts of 
both Maryland and Virginia. All thinking people of both 


20 American Fisheries Society 


states have at last been forced to realize this truth, be- 
cause of the gradual decline of many varieties of our fish, 
especially the shad, herring and crab. Until very re- 
cently practically no protection was given in either state 
to these fish, and the result is what might have been ex- 
pected. Both states permitted the taking of them at all 
times and in practically any manner. 


No species of fish was at one time more important to 
the entire Atlantic Seaboard than the shad, and none 
whose preservation so immediately concerns a larger 
number of persons. When we consider the fact that the 
waters of the Chesapeake Bay and its tributaries for- 
merly teemed with this most valuable fish, and furnished 
at least forty per cent of the output of the entire Atlan- 
tic Coast, we realize how important it is that Maryland 
and Virginia should use every effort not only to conserve 
our present supply, but, if possible, to cause our waters 
to become replenished with as an abundant supply as 
formerly. 


A little study of the habits of these fish while in the 
Chesapeake Bay will convince anyone how necessary it is 
for the two states to co-operate in protecting them. They 
enter our waters annually solely for the purpose of 
spawning, making their appearance in the lower Chesa- 
peake Bay about the first of April and proceed up the 
bay and up the rivers to their spawning grounds. Their 
spawning period is over about the middle of June, when 
they disappear from our waters and are seen no more 
until the following Spring. 


It is evident that if the supply of this fish is to be main- 
tained, practically the same number should reach the 
spawning grounds each year, and the spawning grounds 
should not be interfered with by destructive methods of 
fishing. The present scarcity of this fish is attributed not 
so much to the numbers caught each year by the fisher- 
men as to the annually decreasing numbers that succeed 
in reaching the spawning grounds, and to the use of haul 
seines on the spawning grounds. 
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Perhaps none of the agencies which operate to pre- 
vent the shad from ascending the rivers as freely as for- 
merly, can be entirely remedied, but present conditions 
can be greatly improved. 

Some of the agencies which with us are preventing 
shad from reaching their former spawning grounds, are 
the following: 

1. Dams have been constructed across some streams, 
completely blocking the passage to the spawning grounds 
above and effective fish ladders have not yet been pro- 
vided. 

2. The sewerage from certain cities has not only so 
polluted the nearby waters as to prevent some of these 
fish from going through it to the spawning grounds 
above, but it destroys much of their spawn. Much 
spawn is also destroyed by washings from cultivated 
fields, waste from manufacturing plants and by the saw- 
dust dumped into the rivers from saw mills. 


3. Extensive pound net fisheries near the mouths of 
certain rivers, and stake nets in the rivers, have acted in 
the nature of dams and have doubtless been more ef- 
fective in preventing the shad from reaching their spawn- 
ing grounds than all other agencies combined. 

Little effort was made by either Maryland or Vir- 
ginia until recently to regulate the setting of these nets, 
and they were set in the bay and in the rivers in such a 
manner, and in such numbers as to almost block the en- 
trance to the rivers and the rivers themselves.. They 
were extended into the channels to such distances as to 
seriously interfere with navigation, and it became neces- 
sary for the War Department to establish lines in the bay 
and rivers beyond which no net could be set. This action 
has been very beneficial in keeping open the deeper chan- 
nels and thus affording an unobstructed continuous pas- 
sage from the deep waters of the bay to the spawning 
grounds in the rivers. These passages are, however, very 
narrow in places and further relief of this kind is needed. 

Virginia is the more serious offender in respect to 
these nets, but Maryland contributed her part to the de- 
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struction of the shad by permitting the use of haul seines 
on the spawning grounds. These seines not only catch 
the ripe fish which are about to spawn, but what is far 
more serious, they haul ashore vast quantities of eggs, 
which have been deposited on the bottoms by the spawn- 
ing fish. The injury done by a single sweep of one of 
these seines, at times, is indeed alarming. Fishing on 
these spawning grounds should be confined to drift nets 
and in some localities small stake nets might be per- 
mitted. 

All attempts to secure legislation in Virginia regulat- 
ing and restricting the use of pound nets has been op- 
posed by the fishermen with the argument that such re- 
striction would merely permit the fish to go into Mary- 
and waters to be there caught by the haul seines on the 
spawning grounds. 

I understand that the efforts to prohibit the use of 
haul seines on the spawning grounds in Maryland waters 
have been opposed with the argument that such legisla- 
tion would benefit only the Virginia fishermen as prac- 
tically all of the fish hatched in the Maryland waters 
would be caught on their return to the bay by the Vir- 
ginia Fishermen before they ever reached Maryland 
waters. It seems that the fishermen of both states real- 
ized the harm they were doing and justified their acts on 
the ground that as the fish were being destroyed they 
might as well get what they could while they were going. 

It is evident that what it needed is for both Maryland 
and Virginia to pass laws regulating the setting of pound 
nets so as to provide broad and continuous passages from 
the deep water of the bay to and up the rivers to the 
spawning grounds, and to prohibit the use of haul seines 
on the spawning grounds. Virginia has passed such a 
law which will be in operation next season. In order to 
secure its passage, however, it was necessary to assure 
the legislature that Maryland officials had promised to 
use every effort to have such a law enacted at the next 
session of their legislature. 
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When these laws are in operation in both states, it will 
only be necessary for the two states to go a step further 
and supplement the splendid work being done by the 
National Government in artificially hatching shad fry. 
If both Maryland and Virginia will do what has already 
been agreed upon, I feel confident the shad fisheries of 
the Chesapeake Bay can be restored to their former 
proportions, although it will take some time to do it. 

The co-operative efforts of Maryland and Virginia for 
the protection of the crab is already showing good re- 
sults. 

Carrying out an agreement of the Fishery Officials of 
the two states, laws were enacted by the last legislatures 
of Maryland and Virginia, protecting the spawning crab 
and preventing the taking of hard crabs measuring less 
than five inches from tip to tip of spike. This law is 
about equally burdensome upon the fishermen of both 
states, but in a different manner. Practically no crabs 
spawn in Maryland waters, while during June, July and 
August, more than ninety per cent of all crabs found near 
the Virginia Capes are spawning crabs. This law re- 
sulted this season in closing the Virginia crab packing 
houses during July and August, as sufficient other crabs 
could not be obtained during that time to justify their 
working. 

The crab cull law, however, does not affect the Vir- 
ginia crabbers, as practically all the crabs in the Virginia 
waters are mature crabs. The young and growing crabs 
stay in the upper waters of the bay —in the Maryland 
waters—and the small crabs which have to be returned 
to the waters by the Maryland crabbers constitute a large 
per cent of their total catch, especially in the spring and 
early summer. Before this season, these small crabs 
were saved and sold to the dealers, four or five being 
counted as one. 

At first the crabbers were very much opposed to this 
law but they are now pleased with it, and admit that it is 
responsible for the plentiful supply of mature crabs this 
fall. The small crabs which were returned to the waters 
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this spring and summer have matured and are now being 
caught and saved. It will, of course, take longer for the 
beneficial effect of protecting the spawning crab to be 
seen, but no one doubts now that the crabbing industry 
of the Chesapeake will in less than five years, be double 
what it is at present. Crabbers are unanimous in saying 
that they have been more successful this fall than for 
many years. 

Space will not permit the further discussion in detail 
of the benefits Maryland and Virginia expect from co-op- 
erative efforts, but I will say that the officials of both 
states realize it is the only way to successfully handle the 
situation, and are determined to co-operate in every pos- 
sible way for the conservation and development of the 
great natural resources of their magnificent bay, to con- 
sider the industries as a whole, and not to allow small 
local interests or prejudices to influence them in their 
actions. 

A joint conference of the Conservation Commission of 
Maryland and the Commission of Fisheries of Virginia, 
was held in July of this year on the Potomac River, Gov- 
ernor Harrington of Maryland, Governor Stuart of Vir- 
ginia, and Dr. Moore of the Bureau of Fisheries partici- 
pated. So beneficial was the exchange of ideas on this 
occasion, so important were the agreements entered into, 
and so great was the interest created in the fishery in- 
dustries, that it was unanimously decided to make the 
conference an annual event. We expect upon these occa- 
sions to discuss and agree upon the legislation needed in 
each state, to draft as nearly uniform bills as conditions 
permit, to have the same introduced in our respective leg- 
islatures, and we have agreed to use every effort to secure 
the passage of such bills as we agree upon. 

The executive officers of the commissions of both states 
have agreed to meet frequently to discuss the enforce- 
ment of the laws, and the general conditions of the in- 
dustries. Such a meeting will be held next week on the 
Potomac River to arrange for co-operative work in en- 
forcing the oyster laws there. 
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As a result of this spirit of co-operation, I am en- 
couraged to believe that a much brighter day is dawn- 
ing for our fisheries, and that it will not be long before 
many of our declining industries will be restored to their 
former greatness; that others will be developed and in- 
creased to undreamed of proportions, and that the Chesa- 
peake Bay will indeed be more valuable to the people of 
Maryland and Virginia than mountains full of gold and 
silver. 


FEDERAL CONTROL OF INTERSTATE 
WATERS 


By EBEN W. Coss, State Superintendent of Fisheries, 
St. Paul, Minn. 


Though federal control of all interstate waters would 
doubtless be a good thing, what I have to say is largely 
brought to mind by my work in connection with the Miss- 
issippi River. 

Of course, we are all aware that there is a wide dif- 
ference of opinion as to where the authority of the United 
States Government leaves off and that of the various 
states begins, in this as in other matters, but I am assum- 
ing that each has authority where they are now in 
control. 

Each state along a stream or body of water which sep- 
arates two or more states, makes laws regulating the 
fishing according to its own ideas, and in some instances 
with the idea in view of securing an advantage over the 
other states interested. This leads to reprisals and the 
waters suffer to a greater or less extent. 

In that portion of the Mississippi forming the ee 
of Minnesota, we have not suffered much from this 
source as our sister state on the east has been very 
friendly with us and we might almost say that a part- 
nership exists between the two states for the purpose 
of enforcing the laws along the boundary line. 

The greatest difficulty comes up in regard to the main- 
taining of the river as a source of supply for game and 
commercial fishes. 

The Mississippi River, with its hundreds of miles of 
shore bordering on many different states and supporting 
in its waters many varieties of both food and game fishes, 
should be made to produce an enormous amount of fish 
without in any way reducing the amount left in the river. 
No one state could probably be brought to support a 
hatchery for the purpose of stocking waters such as these 
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where the benefits derived would be shared by other 
states. The states are in most cases chiefly concerned in 
propagating game fishes and the better class of food fish- 
es, such as the lake trout and pike-perch, which rank as 
game fishes in some states, and could hardly be brought 
to undertake any such task as adding to their werk the 
propagation of food fishes for the river. 

This is a large undertaking and could only be carried 
out by the Federal Government as it would require a plan 
covering many states and a knowledge of the many varie- 
ties of fishes which can only be secured through institu- 
tions such as the biological station now operated at Fair- 
port, Iowa. 

Several years ago, it was found that many fish were 
landlocked in the sloughs along the river and it was un- 
dertaken to rescue them. These fish added considerably 
to the number available for distribution and the work be- 
came quite popular. The rough fish were returned to the 
river along with a part of the game fish and the balance 
sent to applicants in various parts of the states securing 
them, or to states farther away by the Federal Govern- 
ment. 

As the demand for game fishes is always great, it be- 
comes easy to send away more and more of them, leaving 
only the rough fish for the river, and it also becomes easy 
to take those which are nearest at hand. This leads read- 
ily to taking them from spring-fed sloughs, cross chan- 
nels and the mouths of streams, and the work becomes in 
effect an effort to secure a supply of fish to fill applica- 
tions rather than an effort to rescue fish which are in 
danger from the freezing or drying up of the sloughs. 

You will bear in mind that I am not making any state- 
ment about any state or federal work with a view to dis- 
credit any one, but am simply stating my own ideas in this 
matter. When appointed Superintendent of Fisheries of 
Minnesota, I entered into this work thinking it to be of 
great importance. Many fish had been rescued and many 
applications filled with these fish which would presum- 
ably have been lost if left alone. A crew of men were 
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hired and paid by the day or month to carry on the work. 
but, in spite of the fact that the men worked hard and 
fished all sloughs that it seemed desirable to fish, the 
number secured did not come up to expectations. Where 
fishermen had made good money seining and delivering 
bass and crappies at three to three and one half dollars 
per thousand, they cost us in many cases as high as ten 
dollars per thousand. The fishermen told me at that time 
that they would gladly go back to the old method and 
seine by the thousand if I would only keep away from 
them entirely and promised that there would be a large 
number of bass secured. This convinced me that to get 
large numbers of these fishes it was necessary to take 
them wherever you could. This would be somewhat to 
our advantage as these fish could be planted in inland 
waters while if left in the river they would be likely to 
go to waters belonging to other states. 


Of course, the rough fish returned to the river, have a 
great value and no one would argue that this work should 
be stopped, but the tendency is to make it as easy as pos- 
sible to secure that which shows most and make a good 
record rather than consider the greatest good to the 
waters. I do not believe the various states could be 
brought to attempt the carrying out of a comprehensive 
plan for bettering the interstate waters and so consider it 
a work for the Federal Government. All the work con- 
nected with these waters could come under federal con- 
trol and hatcheries could be maintained to increase the 
supply of fish of all desirable varieties, both for the 
sportsman and the commercial fisherman. 

The Great Lakes, the rivers of the Pacific and Atlantic 
Coasts and the inland lakes and streams throughout the 
country are provided with fish artificially hatched while 
this great stream is used as a source of supply to furnish 
fish for other streams, while receiving few in return ex- 
cept those taken from the sloughs and returned to the 
river from whence they came. Would it not be to the ad- 
vantage of all to build up the fisheries of this great water- 
way rather than to injure it by the continual taking away 
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of the fishes secured through our rescue work? And who 
is better able to undertake this work than the Federal 
Government with its facilities for learning the habits and 
needs of the numerous fishes found here? 

Would it not be possible to so arrange matters that 
this whole water system would be placed under the au- 
thority of the Federal Government and the various states 
would cease to exercise control? The government is taking 
charge of the birds that fly from one state to another. 
Why should it not take charge of the fishes that swim 
freely from one state to another? 

This is brought up not to inform those here of any- 
thing which they did not know before but to direct at- 
tention again to this matter which is becoming of real 
interest to those living along the valley of the Mississippi. 


THE CONSTRUCTION OF A POND CUL- 
TURAL STATION, AND THE PROPA- 
GATION AND DISTRIBUTION OF 
LARGE MOUTH BLACK BASS 
IN SOUTH CAROLINA 


By G. W. N. BROWN, Superintendent, U. S. Fisheries 
Station, Orangeburg, South Carolina. 


The factors which exert the greatest influence on the 
success of artificial propagation of black bass are: the 
proper construction of ponds, the complete control of the 
water system, and an adequate supply of natural food. 


With these objects in view, especially the last named, 
a site known as Dukes’ Fishery, about two miles south 
of Orangeburg, South Carolina, was selected for the 
establishment of a federal fish hatchery, although to a 
casual observer it would have seemed a most unlikely 
place for the construction of ponds for proper manipula- 
tion as a pond cultural station. 

Dukes’ Fishery consisted of three ponds, built several 
years ago, the lower containing six and three-tenths acres, 
the others, five and seven-tenths and four and two-tenths 
acres respectively. They were located in a spring-fed 
marsh, consisting of loose mud, sediment, and decayed 
vegetation, containing also a large number of stumps, old 
logs, and other debris, a large percentage of which was 
buried beneath the mud. Plans were made for develop- 
ing the lower of these old ponds into six brood ponds, 
ranging in size from six-tenths to one and five-tenths 
acres, and six cement retaining ponds sixty feet long, eight 
feet wide and three feet deep. In the construction of the 
brood ponds the features kept constantly in view were: 
easy manipulation; ideal breeding grounds for the ani- 
malculae; the prevention, as far as possible, of canni- 
balism; the perfect control of the water system, and as 
near approach to natural conditions for the spawning 
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fish as is possible in pond culture. These features are, 
for the most part, closely allied, inasmuch as the proper 
grading of the pond bottoms and the consequent varying 
depths of water enter largely into proper control of con- 
ditions that tend to successful pond culture. 

Since from the marshy, uneven character of the natu- 
ral bottom it would be impossible to seine or draw and 
clean the ponds, it became necessary to remove the 
stumps, logs, decayed vegetation and loose mud, and sub- 
stitute foreign material to make bottoms sufficiently com- 
pact to support the weight of an attendant while work- 
ing in the ponds. Accordingly, more than two thousand 
stumps were blown out with dynamite and removed from 
the site by means of a log skidder. The mud and debris 
was removed to a sufficient depth and a layer of coarse 
sand from a nearby hill was spread over the bottoms from 
one to three feet in depth. This made an excellent bot- 
tom, even beyond the most sanguine expectations. The 
outlet box was located near one corner of each pond and 
the bottom so graded as to afford varying depths of 
water from about six inches at the opposite corner to 
about five feet at the outlet. This method of construct- 
ing pond bottoms enables the parent fish to select any 
desired depth of water for nest building. It also affords 
an early spring growth of aquatic vegetation and stimu- 
lates early breeding of animalculae by supplying warmer 
water and more suitable breeding grounds in the shal- 
lower waters of the pond than are to be found in the 
deeper parts. Thus when the fry are ready to take food, 
they find an abundant supply ready for their consump- 
tion, in a locality where there is a minimum danger of 
their becoming prey of the adult fish, as they, being more 
agile, may elude their pursuers in the thick vegetation. 
This method of constructing ponds is also advantageous 
in drawing them for collecting the residue of fingerlings, 
or for transferring the adults and cleaning the ponds, as 
there is always sufficient depth of water near the edge 
to support the fish and the inclination of the bottom 
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tends to keep the stragglers up with the procession, and 
to assist those in returning that became stranded. 

Indisputable evidence that this method of construction 
is adapted to the propagation of black bass, and that the 
fingerlings avail themselves of its advantages, is the fact 
that the 100,000 No. 1 fingerling bass were collected from 
the ponds for distribution by means of casting seines of 
ten and twenty feet lengths from the water’s edge before 
it became necessary to enter the water and haul the 
seines, and the fact that young bass taken from the ponds 
on July 3 measured six inches and others taken on Sep- 
tember 20 measured nine inches and weighed one-half 
pound. 

Experience and observation have demonstrated the 
fact that it is impossible to do successful pond cultural 
work without an adequate supply of natural food, also 
that the only reliable source of this supply is the breeding 
of animalculae on aquatic vegetation. No nearer approach 
to natural conditions is possible in pond culture than by 
providing the fish with any desired depth of water, a suf- 
ficient supply of natural food, and facilities for escaping 
their enemies. 

Perfect control of the water system on the Orangeburg 
station is secured by means of cast iron pipe lines laid 
from the reservoir to the various ponds and provided 
with brass trimmed valves, with cement boxes, screened, 
at both intake and outlet ends. From the overflow box 
of the reservoir a twenty-four inch terra cotta main 
drain extends alongside the pond system to the extreme 
lower end. When rains come and the reservoir becomes 
muddy, the valves supplying the ponds are closed and 
the muddy water diverted through this drain. All ponds 
are provided with cement outlets and suitable terra cotta 
drains connecting with the main drain. 


The brood ponds were completed and the collection 
of brood bass was begun in December, 1915. By the time 
the fish were ready to spawn, 300 had been collected and 
placed in the ponds. Nest building began the last days 
of February. The first eggs were found March 14 and 
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the last seen on July 1. By April 20, there were several 
schools of No. 1 fingerlings ready for distribution. The 
first messenger trip was made April 25. Between that 
date and May 20 inclusive, 135,000 No. 1 fingerlings were 
sent to applicants. 


The following method is employed at the Orangeburg 
station for collecting the fingerlings from the ponds, 
counting and putting them in cans for shipping. Two 
wooden troughs fourteen feet long, fourteen inches wide 
and eight inches deep, are set up in one of the cement re- 
taining ponds, and divided into separate compartments 
by screens. On the day prior to shipment, the finger- 
lings are taken from the ponds with bobinet seines ten 
or twenty feet long and six feet wide. A small chain in- 
stead of leads, is attached to the bottom of the seine in 
order to press down the vegetation and keep the seine 
as nearly as possible in contact with the ground. Every 
resonable precaution is taken to prevent loss through 
careless handling. A galvanized iron tub with a per- 
forated overfiow near the top is used to convey the fish to 
the troughs. To accustom them gradually to the tem- 
perature of the water in the trough, the tub when 
brought from the pond is placed under the overfiow of 
one of the troughs in such a manner that the water in 
falling is divided by the edge of the tub and only the de- 
sired amount allowed to enter. The fingerlings are then 
put into one.compartment of the trough, from which they 
are counted into another by means of bobinet hand nets. 
These nets are constructed very shallow so as to prevent 
the fingerlings from grouping in the center and render- 
ing the counting difficult. About five to ten are taken up 
at each dip of the net, and being well distributed over the 
nearly flat surface are rapidly and easily counted. When 
a sufficient number have been collected and counted for 
next day’s shipment the troughs are covered with cheese 
cloth screens and left over night. 


As the economic value of the fish cultural station con- 
sists in the number and condition of the fish actually de- 
livered to applicants, it is important that the cans be not 
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over crowded. It has been found at this station that not 
more than 500 No. 1, or 200 No. 2 fingerlings per can, 
can be carried with safety. The total number desired 
for the shipment having been counted by the foregoing 
method, they are apportioned to the cans, when being 
loaded, by as accurate estimate as is consistent with 
rapid handling. On one occasion, when the fish were 
being put up before daylight for shipment, two lots were 
put into one can accidentally, leaving one can without 
fish. This was not discovered until about one hour later, 
when the messenger in charge noticed the fish in the 
overloaded can were dying, and upon investigation dis- 
covered the trouble. When he had removed about half 
the number into the can which had contained no fish 
they ceased dying. 

Since the beginning of the season, 152,600 No. 1 to No. 
5 fingerlings have been distributed to applicants with a 
loss of less than 1,000. The ponds are now being drawn 
for collecting the residue, and it is possible that the out- 
put may be increased by 15,000 to 25,000. 

One feature that has contributed materially to the suc- 
cess of the work at Orangeburg is the perfect harmony 
existing between the fish culturist and the superintend- 
ent—the singleness of purpose to render honest, efficient 
service. There can be no real success where discord and 
confusion exist. 


A MICHIGAN FISH SURVEY 
By T. L. HANKINSON, Charleston, Ill. 


A study of the fauna of Michigan is being made by the 
Michigan Geological and Biological Survey, by employ- 
ing field naturalists who gather data on the part of the 
fauna that they are especially interested in and best 
qualified to study. Specimens are collected and notes are 
taken. After these have been worked over by the investi- 
gators, the important facts are published by the Survey 
in the form of papers in its bulletins and other publica- 
tions. The specimens are kept as a part of the Survey’s 
growing collection illustrative of the fauna of the state. 
The biological studies are carried on under the direction 
of Dr. A. G. Ruthven, Chief Naturalist of the Michigan 
Geological and Biological Survey. 

The writer has been employed by this Survey to make 
studies of the fish of Michigan, with a view to finding 
out what species of fish are found there and as much as 
possible about each species; its distribution, the relative 
abundance of its individuals, its habitats, habits, and 
economic importance. 

About eight weeks of field work has been done on this 
general, study of Michigan fish by the writer since the 
work was begun, in the spring of 1915. Much time has 
been spent in studying the fish collected and in examin- 
ing literature. The results of all this work are to be pub- 
lished as a monograph of the Fishes of Michigan. This 
can not be very pretentious on account of limitations as 
to time and funds, but it is hoped it will be sufficiently 
complete and comprehensive to serve as a field manual 
for those who wish to study the fish of the state. In 
this way, the publication may develop interest in fish 
in the state and increase the number of collectors and 
observers of fish life, so that in time a larger and more 
elaborate treatment on the fish of Michigan can be pro- 
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duced—one comparable with the very valuable work on 
the Fishes of Illinois. 

Few states have a fish fauna so interesting and ex- 
tensive and of such economic value as that of Michigan, 
and which is so deserving of scientific consideration. Al- 
ready much work of this kind has been done in the state 
and its adjoining Great Lake waters, chiefly by the Uni- 
versity of Michigan, the Michigan Fish Commission, the 
State Geological and Biological Survey, and the U. S. 
Bureau of Fisheries, but the published results of fish 
work in the state are considerably scattered, and much 
valuable material is in publications not readily available. 
The paper by Ellis L. Michael (1904), entitled “Cata- 
logue of Michigan Fish,’”’* represents the only productive 
effort to compile data on Michigan fish with which the 
writer is familiar. Mr. Michael very successfully and 
carefully gathered and sifted the data on the occurrence 
and distribution of the species of fish in Michigan, but 
since the time of appearance of this paper, many data 
have been obtained and published, based chiefly on work 
by the University of Michigan expeditions, work at the 
Biological Station at Douglas Lake, and work by the 
Michigan Fish Commission. It is undoubtedly time for 
an inventory of facts relating to Michigan fish, but before 
a publication on the fish of the state is written, more 
field work should be done and this in some of the many 
parts of the state having fish life that have not been 
scientifically examined. The writer has been looking up 
these places and confining his field work almost entirely 
to them. The smaller forms are given more attention 
than the larger ones for the latter are mostly food and 
game fish and are pretty well known. 

Some fifty localities in Michigan have been visited by 
the author since May, 1915, when this general survey of 
the fish of the state began. These localities are in six- 
teen counties and include nineteen stream systems, nine 
inland lakes, three lakes connected with Great Lakes, and 
the shallow water along shore of Lake St. Clair, St. Clair 
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River, Lake Huron, Makinac Straits, Lake Superior, and 
Lake Michigan and also the deep waters of Lake Huron, 
Lake Superior, and Lake Michigan. Limitations in time 
and funds for this Survey have not permitted very thor- 
ough collections to be made at any one of the places, but 
in nearly every case, enough specimens were taken and 
enough observations made to give a good idea of the 
‘general character of the fish fauna of the place; and the 
collections contain most of the smaller species together 
with young of many of the larger ones. At every place 
where fish are taken, notes are made on the following: 
locality, date, time of day, area fished, character of water, 
bottom, depths, currents, aquatic and littoral vegetation, 
invertebrates, vertebrates other than fish, fish seen and 
not taken, fish taken, sky, wind, precipitation, air tem- 
perature, and water temperature. Photographs were made 
to show the vegetal and other features of the most favor- 
able fish habitats. In all cases efforts were made to get 
information from fishermen and others familiar with the 
fish of the region. Such was in all cases freely given, 
and it was gratifying to find how willing people were to 
co-operate and to see the good interest that they took 
in the scientific work. Commercial fishermen were espe- 
cially obliging and allowed me to accompany them in 
their boats to their nets and to take what I wanted from 
their hauls for specimens. They are desirous of more 
knowledge of the creatures'by which they make their 
living and welcome the results of scientific work. Some 
very material help and much encouragement were ob- 
tained from persons met, who were connected with the 
State Fish Commission or with the State Game, Fish and 
Forestry Department. 

An important source of material and notes has been 
the efforts of certain teachers and other reliable per- . 
sons, capable of collecting small fish and furnishing ac- 
curate notes with them. Whenever such persons are 
found, who are willing to assist in the work, directions 
are sent them for getting, preparing and shipping mate- 
rial. After receiving this, the writer studies it and returns 
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to the collectors named sets of duplicates of the different 
species. 

All of the collections made in this survey are to be 
kept at the author’s laboratory at Charleston, Illinois, till 
after the report on the work is finished, when they will 
be sent to the Museum of Zoology at Ann Arbor, Michi- 
gan, where the collections belonging to the Michigan 
Geological and Biological Survey are kept. 

Little can be given in the way of results in this paper 
for not half of the collections have yet been looked over, 
and more field work is still to be done, and much more 
literature is yet to be examined. It seems very likely 
that important contributions to our knowledge of the 
ecology of Michigan fish will come from the investiga- 
tions, and probably we will know considerably more 
about their distribution, habits and life-histories. The 
work should give results of value to fish culturists and 
others interested in conserving fish life, for most of the 
facts obtained should be of economic value, although 
many of them will not be immediately applicable in fur- 
thering the welfare of Man. 


THE ULTIZATION AND PRESERVATION 
OF FRESH-WATER MUSSELS 


By ROBERT E. COKER, Washington, D. C. 


The fresh-water mussels, or, in the language of the 
river banks, the “‘clams”’ that grow half-buried in the bot- 
toms of our streams, form a state and national resource 
that is too little appreciated. Their importance is based 
only in part upon the facts that they are a basis of fishery 
for shells amounting to some eight hundred thousand 
dollars a year and of pearls amounting to about four hun- 
dred thousand dollars more, and that they furnish a live- 
lihood to ten thousand fishermen and their families, while 
they support an industry yielding an annual product, 
principally of buttons, valued at from five to nine million 
dollars, according to the state of the trade, and employing 
several thousand wage earners. The real value of the mus- 
sels is intensified by the fact that they are the principal 
source of material for the manufacture of a universal 
necessity, as well as the best abundant material for this 
purpose. We can enumerate statistically, as we have 
in part, some of the concrete benefits derived from the 
capture and utilization of mussels, but if your memory 
can return over a period of 25 years past, you will under- 
stand that we can go further and say that without the 
fresh-water mussels, each and every person in this coun- 
try, practically speaking, would be deprived of the op- 
portunity to obtain a most ordinary, commonplace neces- 
sity at anything like the present modest prices for an 
article of good quality. Leaving out of account then, the 
producer, the manufacturer, and the unhappy middle- 
man, let us consider the interest of the consumer as para- 
mount. Now in the case of the fresh-water mussel and 
its trade product, the fresh-water pearl-button, the con- 
sumer is almost every human being within the confines 
of the United States and many without. It is easy, there- 
fore, to apply the argumentum ad hominem. Exclude 
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or wipe out the fresh-water pearl material, and you will 
have the choice of two or three alternatives. You will 
pay several times the price for an article of equal quality ; 
you will return to the use of very inferior materials at 
probably greater cost; or you will adopt a practice that 
prevails, we are told, in some remote regions of the earth 
where the buttons are handed down from generation to 
generation. Let us recognize that our river mussels mean 
something to a considerable number of fishermen, to 
manufacturers and to wage earners, and furthermore 
that they mean something to every citizen of every state 
in the Union. We must be surprised then to find in every 
state concerned so little general interest in these public 
assets, so little feeling of custodianship for a genuinely 
valuable resource. There exists, not so much a feeling of 
indifference to the future of the mussel fishery, as an 
actual condition of misconception of the relative and en- 
during importance of the mussel beds. It will be the 
purpose of these remarks to attempt to remove some of 
the possible misconceptions and to solicit from all those 
who may have opportunity or influence a more active ef- 
fort for the adoption of a proper policy in the several 
states looking to the preservation of the mussel resources 
while permitting and ensuring the existence of a judi- 
cious fishery. 


I. Has the mussel industry a permanent character ? 


The pearly mussels enter into commerce in a variety 
of forms, but the principle product is the button. The 
most recent figures show that about nineteen and one- 
half millions of dollars worth of buttons of all kinds are 
manufactured each year in the United States. These are 
made from a great variety of materials, such as agate, 
bone, celluloid, glass, horn, metal, fresh-water and ocean 
pearl, vegetable ivory, etc. Of all the materials, however, 
the American fresh-water pearl was by far the most im- 
portant. The only button which anywhere nearly ap- 
proached the fresh-water button in quantity produced 
was the shoe button (of all kinds), and it needs no ex- 
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tended argument to show that the shoe button cannot 
take the place of the pearl button. The only class of but- 
ton which anywhere nearly approached the fresh-water 
pearl button in value of output was the vegetable ivory 
button, which is quite too expensive for the most com- 
‘mon uses. Now the imports of buttons are nearly neg- 
ligible. It follows that the staple button of domestic 
commerce is the fresh-water pearl, and the principal 
source of material for buttons is the mussel of our rivers. 


To quote from an official statement of the Bureau of 
Foreign and Domestic Commerce*—“‘the manufacture of 
pearl buttons, chiefly fresh-water pearl, was the most 
important branch of the [domestic] button industry, 
representing 43.2 per cent. of the total quantity and 45.4 
per cent. of the total value of the output. Next in im- 
portance was the manufacture of buttons from vegetable 
ivory, the output of these amounting to 8.5 per cent. of 
the quantity and 17.8 per cent. of the value of the total 
button product.” That the fresh-water mussel is the 
paramount material for button manufacture is, I am 
sure, not generally recognized. In the face of a knowl- 
edge of such facts, it is impossible to imagine that the 
fresh-water pearl button industry, peculiarly American 
as it is, can be anything but stable and enduring. 

Furthermore, let us ask what material we would sub- 
stitute for the fresh-water pearl. Notwithstanding that 
the pearl button is the best in quality for its purposes, 
it is one of the very cheapest of all. Only bone buttons, 
shoe buttons and the lower grades of metal buttons, can 
be purchased for less money. Now we have tried bone 
buttons and cheap half-metal buttons, and we know the 
tribulation thereof, and we do not wish to try the shoe 
button, except in its proper place. 

The answer to our question as to the permanent nature 
of the fresh-water mussel industry is now obvious. It may 
be assumed that as long as we continue to wear clothing 





*Special Consular Reports No. 75. Foreign Trade in Buttons. Chap- 
ter I. American Button Trade. Department of Commerce, Wash- 
ington, 1916. 
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fastened with buttons, there will be a strong demand for 
domestic shells. Consequently, it is our responsibility, 
not only to prevent the extermination of mussels, but to 
effect an abundant and widespread growth of them, so 
that they may continue to furnish a product possessing 
the unusual combination of excellent quality and low cost. 
For an industry to endure there must be not only demand 
for the product but also a supply of materials. We are 
brought then to our second question. 


II. Is the supply of fresh-water mussels enduring ? 


The mussels, needless to say, are living animals which 
naturally grow and reproduce. Such resources are not 
inevitably exhaustible like deposits of past ages which 
are, practically speaking, fixed in amount and not subject 
to growth or increment. They may, however, be exhaust- 
ible like certain sorts of forest growth if the rate of re- 
production cannot keep pace with the consumption in- 
volved in any practical form of utilization. The mussel 
industry does not exist by virtue of a “draft upon the ac- 
cumulation of mussels of past years.” Such an impres- 
sion has been known to exist, but it is not held by any 
who are conversant with the history of the mussel fishery. 

In the early times of the shell fishery—and that was 
less than 25 years ago— the beds were exhausted with 
great rapidity, and principally for two reasons. Few 
mussel beds were then known and these were intensively 
and one might almost say frenziedly worked; so that in 
restricted localities a more intensive fishery marked the 
stage of infancy than is known now that the industry as 
a whole has developed to vastly larger proportions. Fur- 
thermore, it was at first supposed that the shells of only 
one or two species of mussels were adapted for commer- 
cial use; consequently great quantities of the best shells 
were gathered only to be thrown away, and shelling was 
pursued with excessive waste. Under the pressure of 
necessity, however, more and more of the variety of mus- 
sel species came into use, and the shelling industry spread 
from stream to stream and from state to state until it 
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now extends from the Dakotas to Tennessee, and from 
Minnesota to Louisiana. 

In the course of this brief development of the fishery, 
two significant observations have been made. One is 
that an exhausted bed will recuperate, given a sufficient 
period of rest, if the bed has not been too thoroughly 
depleted. The other is that the quality of shells yielded 
by a mussel bed is often distinctly improved after the 
first years of working. Certain streams in Arkansas, 
for example, are said to have first produced a rather un- 
desirable shell, old, thick and coarse; but after a little 
time a smaller shell of prime quality came to predomin- 
ate in the catches, and these were unexcelled by those 
from any part of the country. 


Formerly it was supposed that the commercial shells 
were of excessively slow growth, requiring 12 years or 
more to reach maturity. We now know that there are 
slowly growing species and fast growing species. Some 
may indeed require 8 or 10 years to reach a proper size, 
but others of equal commercial importance attain a mar- 
ketable size in four or five years. 


Our mussel resources are potentially self-perpetuating, 
given a reasonable opportunity and practicable assistance. 
The mussel industry is not dependent for temporary pros- 
perity upon the eradication of its material basis. It is 
perfectly feasible to have an important mussel fishery 
enduring as long as the demand for mussels continues, 
and that demand, as we have seen, is, humanly speaking, 
a permanent one. 

It does not follow that the shell resources cannot be 
exhausted either locally or as a whole. Since the mussels 
are living forms dependent for reproduction upon the 
maintenance of a stock sufficient for casting the seed of 
successive generations, it is obvious that they cannot 
withstand an entirely heedless onslaught. The perpetua- 
tion of the resources is consistent with their utilization, 
but it is quite dependent upon the adoption of a rational 
policy of conservation. 
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III. Is there a tendency toward depletion? 


An obvious answer to this question is found in the con- 
tinual extension of the territory of fishery. The shelling 
industry has been geographically conservative, seeking 
new locations principally because of the comparative 
exhaustion of the localities first fished. The exhaustion 
has not been complete, as evidenced by the fact that there 
are few localities in which shelling has ever been under- 
taken which are not even now the scene of some sort of 
mussel fishery. This, in fact, is one of the most disturb- 
ing features of the situation. If the shellers passed 
from one region to another, abandoning one nearly ex- 
hausted bed after another, and leaving them to recuper- 
ate in the course of nature, we would have, practically 


speaking, a rather effective system of conservation, viz., . 


geographic rotation of fishery or a division of the entire 
territory of fishery into “active” and “resting” regions. 
The fact that such a system was the result of voluntary 
movements on the part of those engaged in shelling and 
not the consequence of legislation, would not make the 
system any ‘the less effective. As a matter of fact, though, 
such a practice does not prevail. The body of the fisher- 
men, of course, must leave depleted areas in search of 
richer fields; but a remnant either of nomadic or of local 
shellers always remains to carry the process of exhaus- 
tion to the very last stage. Furthermore, the greater the 
searcity of shells the more persistently the shellers gath- 
er and destroy the undersized shells, even those which 
are far too small to be of any commercial use whatever. 
The result is that many localities, many streams, are 
threatened with a condition which is both: unnecessary 
and disastrous—the depletion of the mussel beds to a 
point where natural recuperation becomes a practical im- 
possibility. 


IV. What remedies may be applied? 


As in the case of all other fishery resources, the two 
primary remedies are propagation and protection. Real- 
izing the importance of the mussel resources, and fore- 
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seeing the impending depletion of such resources, the fed- 
eral government began an investigation of the mussels 
more than a dozen years ago. Out of this investigation, 
after some time, there grew a method of propagation, 
and this has been put into practice, as yet in a somewhat 
limited way. It is evident that the work of propagation 
is bearing fruit in certain regions. 

The protection of fresh-water mussels is a mode of 
-conservation to which recourse is not yet had in any 
comprehensive and effective way. One or two states rec- 
ognize the mussel on their statute books by some sort of 
law prohibiting a particular apparatus or making a 
closed season of a few months each year. The states of 
Minnesota and Illinois passed laws at the latest sessions 
of their legislatures, which seemed to embody the logical 
features of a scheme of conservation—a limit on the size 
of mussels that may be taken (ensuring the continuation 
of a breeding stock and the earlier abandonment of a 
depleted bed) and the closure of depleted regions for 
periods of years, (guaranteeing an opportunity for natu- 
ral recuperation). The Minnesota enactment was, how- 
ever, made contingent upon the passage of a similar law 
by the State of Wisconsin, and, as Wisconsin failed to 
pass the bill when introduced into its legislature, the 
Minnesota law remains as yet without effect. The De- 
partment of Conservation of Louisiana is understood to 
be giving serious consideration to the protection and 
utilization of its mussel resources, and that state has the 
opportunity to become a leader in giving adequate effect 
to a plan of conservation of fresh-water mussels. 

There appears to be a sort of incongruity in endeavor- 
ing to propagate that which we do not regard as of suf- 
ficient value to protect. Is it possible that artificial prop- 
agation will suffice in itself and make protective restric- 
tions unnecessary? I think we can say, emphatically not. 
I have always believed that, generally speaking, protec- 
tion was of greater value than artificial propagation. 

It will serve to clear our ideas somewhat to recall that 
there are a great variety of fresh-water mussels and that 
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they may be divided, very roughly indeed, into two great 
classes which are spoken of as short-term breeders and 
long-term breeders. With the short-term breeders, the 
early stages of the life-history are completed with great 
rapidity, the eggs are matured and incubated, and the 
larvae, or “glochidia,” hatch, and, after entering into a 
state of parasitism on fish, metamorphose into free-living 
young mussels all within the brief space of a few weeks 
or months of the summer season. With the long-term 
breeders, on the other hand, the completion of the cor- 
responding stage of life-history extends over portions of 
two calendar years: the eggs are matured in the first 
summer, while the period of incubation extends through 
the winter and into the following spring. Late in the 
spring or early in the second summer, the larvae, or 
“glochidia,” become parasitic on fish to complete the met- 
amorphosis and the young mussels enter upon a free-liv- 
ing career at the age of a year, more or less, from the 
time of maturity of the eggs. They soon begin, how- 
ever, to make up for lost time; for it is an interesting 
and remarkable fact that the long-term breeders are rela- 
tively rapid growers, while the short-term breeders are 
very slow in later growth. The quickness of the latter 
class ends with the start. Familiar representatives of 
the long-term class are the mucket, fat-mucket and yel- 
low sand-shell, which may attain-a market size in four 
or five years; the niggerhead, pimple-back and blue- 
point, of the short-term class, require a considerably 
longer period to become of a substantial size. 


Several species of long-term breeders are those which 
have proven best adapted for artificial propagation. It 
is as yet doubtful if propagation measures can be applied 
with practical success to the very valuable mussels of 
the short-term breeding class. 


Assuming then that we shall continue to have propa- 
gation without protection, we must look for the follow- 
ing result: The mussels of the more rapid growing spe- 
cies may be continued in the particular waters to which 
they are adapted and where they may be propagated with 
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success. The slowly growing species, originally the most 
abundant and widely distributed, may be reduced to prac- 
tical extermination and the waters to which they are 
best adapted will become barren of mussels. We will 
have lost the half of our resources, rivers and states now 
productive of mussels will become unproductive, and the 
industry and the country will have suffered an entirely 
unnecessary loss. 

Protection and propagation may well go hand in hand. 
They are mutually complementary measures; but certain- 
ly the protective measures are those which it seems most 
inexcusable to neglect. 


V. By Whom Can Action Be Taken for the Preservation 
of Fresh-water Mussels? 


The mussels are, naturally, of value to those who find 
in them a means of livelihood or a source of profit. Such 
are the shellers and manufacturers distributed through 
some twenty-five states. It is to be remembered, how- 
ever, that ownership of the mussels, as of fish, is vested 
in individuals only after they are captured and removed 
from the public waters, and this is too late for the exer- 
cise of proper measures of protection. Even if actuated 
by an earnest desire to conduct operations in the most 
prudent and intelligent way, neither shellers nor manu- 
facturers have the power to exercise the concerted and 
forceful actions essential for the proper regulation of the 
fishery. 

Ownership of the resources of public waters is claimed 
by the several states, and it behooves the representatives 
of the power of these states to unite a feeling of custo- 
dianship with an investiture of ownership. The mussel 
beds are not farmed out, and no responsibilities are dele- 
gated to those who work them. The owner of land in fee 
simple is not only interested in the continued productiv- 
ity of his holdings, but, if he possesses intelligence, he 
shapes his plans and his operations to insure an undimin- 
ished fertility. The lessee is interested for the period of 
his lease, or he may be bound by terms that require his 
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observance of a course of action that looks to an undi- 
minishment of values. When, however, as in the case of 
nearly all our fishery resources including the mussels, 
ownership and custodianship are retained by the state, 
the individuals or corporations whose operations may 
bring about the diminution of a public resource have 
not the responsibility nor the power to exercise a just 
and due restraint over themselves and each other. It is 
therefore proper that the state should impecse and enforce 
such restrictions as will be for the lasting benefit of all. 


Summary and Conclusions. 


(1) While fresh-water mussels are found to a limited 
extent in many foreign countries, their existence in com- 
mercial abundance, as far as is now known, is confined 
_ to American waters. The fresh-water mussel industries 
are peculiarly American. 

(2) The mussels are important as one of the units that 
compose our American wealth. They are the basis of a 
significant fishery, and of industries of manufacture and 
distribution that are worthy of preservation. 

(3) The fresh-water mussel is the paramount material 
of button manufacture, the use of which has made pos- 
sible the production of an article of attractive and serv- 
iceable qualities, relatively low in price and used by 
practically every person in the country. 

(4) The mussel,is by nature self-perpetuative, and, if 
reasonable care be exercised, danger of exhaustion need 
not exist. Only by the gross neglect of the necessary 
measures of protection and propagation will the mussels 
become so depleted as to be rated no longer a valuable 
resource. y 

(5) Up to the present time, protection has been prac- 
tically neglected, and in most of the streams where im- 
portant shelling operations have been followed, depletion 
has not only occurred, but the exhaustive operations are 
being pushed to the last possible degree. 

(6) Shellers and manufacturers should be interested 
in the perpetuation of a resource that offers them the 
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basis of livelihood and profit; but the responsibility for 
preservation of the mussels by proper means rests upon 
the ultimate owners—the public. Timely and effective 
action looking to this end can be taken only by the state 
officials and legislatures. 


ON THE RED COLOR OF THE FLESH IN 
THE SALMONS AND TROUTS 


By PRoFEssor EDWARD E. PRINCE, LL.D., M.A., D.Sc., 
F.R.S.C., Commissioner of Fisheries for 
Canada, Ottawa. 


Various theories have been expounded to explain the 
characteristic red color of the flesh of salmon and trout, 
and as all these seem to involve difficulties, in my opin- 
ion fatal difficulties, it seems to me that some explana- 
tion must be sought to which less objection can be raised. 


Is Color Due to Food? 


The common view is that the food upon which the fish 
feed gives the characteristic tint to the flesh. The late 
Dr. Giinther, of the British Museum, emphatically held 
this view and pointed out that the coloring matter in 
shrimps and other crustaceans (which turns red when 
subjected to the digestive fluids, or boiled, or treated 
with alcohol) is chemically the same as that present in 
the flesh of salmon and trout. Many authorities could 
be quoted in favor of this theory, even Dr. Francis Day, 
in his well-known work on the “British Salmonide,” re- 
fers to it several times; but rather cautiously adds, that 
it may not be the correct explanation. It is the popular 
and most widespread: view; yet it is almost certainly 
erroneous. The cases are rare in which the color of the 
food of any animal directly appears in the muscular tis- 
sues. Moose meat is not green though green lily-pads 
and leafy birch-twigs form so large a part of its food, 
nor is cariboo meat colored by the pale green moss, which 
largely furnishes it with nutriment. The ruffed grouse 
has very white breast-muscles, while in the spruce part- 
ridge the color is dark, though both birds live under very 
similar conditions and are found in the same localities. 


ee 
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Is Color Due to Vascularity ? 


A second view is that the vascularity of the muscles, the 
rich blood-supply, explains the color. Pale flesh would 
mean that the blood vessels were fewer or smaller. Cer- 
tainly in such Scomberoids as the Tuna (Thynnus) the 
rich provision of blood vessels gives a dark red color to 
the meat, and accounts too for the high temperature of 
these fish. 


Dees Color Signify Health-energy ? 


Again, the red color it is claimed is a sign of the 
healthy condition of the fish. Just as a pale complexion 
may be a sign of ill-health in the human subject, whereas 
rosy cheeks imply a robust state of health, so a trout or 
salmon, showing pale-tinted or whitish flesh, is thought 
to be out of condition. Many anglers and epicures reject 
such as sick fish. White flesh is regarded as having a 
pathological significance. A slightly different view is 
that taken by those who do not regard the pale color as 
due to sickness or ill-health in the fish; but to poor feed. 
A well-fed fish in prime condition should, it is claimed 
by those who adopt this theory, have flesh of a rich red 
salmon color. Apart from conditions of health, a poorly- 
fed, starved fish would, according to this view, be lack- 
ing in color and wanting in flavor. Many people regard 
the color as intimately related to flavor and a highly-col- 
ored salmon or trout must, in their opinion, have a supe- 
rior flavor. 


Is Color Due to Sexual Ripeness? 


Again, the color is associated by many authorities with 
the ripeness of the fish; that is to say, their reproductive 
condition. Up to the commencement of spawning it is 
asserted, salmon and trout accumulate fat, especially the 
red, oily matter, which during the breeding season is 
transferred from the muscles to the ovaries and sper- 
maries. There is, no doubt, much ground for holding 
the view that the red lipochrome is stored up in the mus- 
cular tissues. It occurs, indeed, as minute shining bodies 
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in the small fibrille of the muscle fibres, and the same 
bright-tinted matter occurs, later, in the eggs contained 
in the ripe female; but a transference of stored materials 
must also take place in the male salmon, the destination 
being the spermaries. In the spermaries the red color, 
however, is lacking, the organs are white, and the ripe 
contents appear of an opaque, white, creamy color. The 
purpose of the richly-colored, oily matter in the muscles 
of the male would not appear, therefore, to be the build- 
ing up of the white testes, though such might be the ex- 
planation of the brilliant red contents of the ovaries. 
Other explanations, modifications of the foregoing, 
have been propounded by various authorities, but all may 
be summarized under the headings just set forth, viz: 


(1) Trophic, and due directly to the food ingested. 

(2) Vascular, or produced by the network of blood- 
vessels. 

(83) Incremental, or the reverse, and in the latter case 
evidence of an unwholesome, possibly patholog- 
ical, condition of the fish. 

(4) Nutrimental or originating in the vigor and well- 
fed condition of the fish. 

(5) Sexual, a storage of fatty matters to meet the de- 
mands of reproduction. 


Current Views Hrroneous. 


None of these are fully satisfactory ; indeed there are 
fatal objections to each and all of them. Some of these 
objections I may here refer to. Thus there is no con- 
clusive proof that the salmon feed exclusively, or even 
mainly, on shrimps, lobsters, or other crustaceans, in 
which red lipoid matter occurs abundantly. Many fish 
with white flesh, or pale flesh, subsist more emphatically 
on such food than the salmon. In the stomach of such 
salmon as very occasionally have been captured in the 
sea, there have been found herring, sand-eels, ete., and 
any food found inside ascending salmon, in fresh water, 
consisted of insects, worms and the like, food materials 
which contain no rich abundance of such coloring matter 


Prince.—The Red Flesh of the Salmons 53 


as pervades the muscle tissues of salmon and trout. 
Herring, menhaden and mackerel, though feeding almost 
solely upon copepods, schizopods, and other small crus- 
taceans, rich in red coloring matters, are not red-fleshed. 
The chief muscles of the trunk in these fishes are not 
red, though a thin superficial band of brown muscle ex- 
tends beneath the skin along each side.* Cod, haddock 
and other fish with characteristic pale or white flesh, de- 
vour much food, like crabs, lobsters, etc., containing red 
lipochromes, yet their muscles are not tinted in conse- 
quence. 


Food Does Not Color Muscles Directly. 


The occurrence of bright red muscular tissues is very 
peculiar, and cannot be traced directly to the food in a 
great many fishes, if indeed in any fishes at all. It is 
remarkable, for example, that the ancient type of fish, 
a Palaeozoic type, Ceratodus, found in Australia, has 
deep red flesh, and the name ‘Dawson salmon’ was given 
to the Australian Osteoglossum, a fish midway between 
a herring and a salmon, owing to its pink flesh, and edi- 
ble qualities. Professor Moseley, of Oxford, noticed: in 
dissecting a shark, during the ‘Challenger’ cruise, that 
while the great muscles of the trunk were pale or white, 
the superficial muscular layer was a bright red. Professor 
MeMurrich described, I think in Syngnathus, the pipe 
fish, possessing pale muscles, a minute dorsal strip of 
muscle used in raising or depressing the single dorsal fin 
as pink or red. The sturgeon has flesh of different col- 
ors, red, white, etc., so that it has often been described 
as “fish, flesh and fowl,’ (white, red and yellowish). 
Hence, in view of the fact that white-fleshed fish may 
feed largely on crustaceans, which are rich in red color- 
ing matters, and that red-fleshed fish by no means feed 


*Miss M. I. Newbigin (“Salmon Investigations” Report, Scot. Fishery 
Board, 1898), observes (p. 162): “The herring feeds habitually on small 
crustacea, so that it might be said that the pigments of the salmon are 
obtained indirectly from the herring, which forms its food; but of these 
pigments there is no reason to believe that the red exists in the herring 

. . » I was unable to find any trace of it, either in the muscle or in 


the viscera.” 
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uniformly, or mainly, on that type of food; but more 
commonly on food destitute of such red coloring matter, 
it is absurd to explain the redness of the muscles in sal- 
mon or trout by deriving it specially from color sub- 
stances in their food. Further, it is a matter of common 
knowledge that the color in these fishes varies and may 
be deep or pale, and, indeed, may be absent. 


Variability in Salmon Schools. 


The fact cannot be ignored that salmon and trout, with 
white flesh, occur in the same waters, and often mingled 
in the same schools, with red-fleshed salmon and trout. 
The large King Salmon, Quinnat, or Spring Salmon of 
Pacific waters, is normally red-fleshed, often pinkish; but 
very commonly of a deep red tint; yet white-fleshed ex- 
amples are common. Those with white flesh are so fre- 
quent in the Fraser River that buyers of Quinnat salmon 
always adopt the practice of having a deep cut made in 
the shoulder, in order to determine whether it has white 
flesh or red flesh, the former being unmarketable and re- 
jected accordingly. More curious still is the fact that in 
quite a number of these salmon the flesh is piebald. The 
white flesh in such cases is streaked with red, the red 
masses being mingled, in this way, with the white. Again, 
in the Sockeye Salmon (also called the Blueback and the 
Redfish) the muscles are so uniformly of a very deep, 
bright red, that owing to this constant and uniform color, 
and a uniformity in size, as well as extreme abundance, 
it has come to rank as the Pacific Salmon of prime com- 
mercial importance. 


The great markets of the world do not prefer a pale 
red salmon; but demand the brilliant deep red, almost 
vermilion, of the Sockeye salmon’s flesh, especially the 
Fraser River Sockeye caught in Southern British Colum- 
bia, Puget Sound, and Juan de Fuca Straits. The Sock- 
eye, and the Spring Salmon (or Quinnat) schools may 
intermingle. They often come in together from the open 
sea and ascend the rivers at the same time, and associat- 
ing in this way, fattening, it may be, upon the same great 
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feeding grounds in the deep sea, it is difficult to under- 
stand why one, the Sockeye, should be so uniformly a 
rich deep red, while the other, the Quinnat, should vary 
from a paler red to a light pink or even to a chalky white 
color. 


Curious Case of Sockeye Variation. 


But even the Sockeye (so constantly of the attractive 
deep tint sought by the great markets, and so uniformly 
small in size as to be perfectly adapted for handling by 
machinery set to clean, cut up, and rapidly utilize the 
fish in the canning factories), shows some curious varia- 
tions. Unusually large examples, nine to twelve pounds 
weight, may occur, though five to seven pounds would be 
the general average, and specimens showing striking dif- 
ferences in color are taken. The Sockeye of the north- 
ern rivers, the Skeena, Naas, and Alaskan, are usually 
lighter in color than the Fraser River Sockeye; but one 
astonishing exception occurs in the north, in a creek not 
far from the estuary of the Skeena River, viz: a breed 
of Sockeye salmon quite unlike either of the two types 
mentioned. This peculiar local variety I have never en- 
countered anywhere else, in all my extensive tours along 
the Pacific Coast during the last twenty years. It has 
not the usual vermilion or orange red color, but a deep 
beef-red tint of rather a dull disagreeable shade. The 
local canners know well this peculiar variety and have 
never used it for canning purposes unless there was a 
shortage of the usual Sockeye Salmon in the Skeena, the 
Naas, or other northern rivers, and there arose urgent 
necessity to add a few cases to complete the pack. 


Cases of Color Due to Vascularity. 


The same dull beef-red color in the flesh of the Tuna 
is not due, however, to the same cause as in the Sockeye 
Salmon; but as already pointed out, is due to the un- 
usually rich network of blood-vessels in the great mus- 
cles of the trunk. This abundant blood-circulation results 
in a much higher temperature than that found in the 
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bodies of most marine and fresh-water fishes, when alive. 
Dr. John Davy, one of the older British physiological 
experimenters, (brother of Sir Humphry Davy, who was 
an authority on the Salmon) made a very exact study of 
the temperature of the Tuna and other marine fishes, and 
his researches are even today well worth perusal by all 
interested in ichthyology. 


Color Not the Cause of Flavor. 


The fact that Spring Salmon or Quinnat, Sockeye Sal- 
mon, Brook Trout, and Lake Trout, may exhibit a deep 
red color of the flesh, or a paler shade, or in some speci- 
mens may even be quite white or yellowish white, shows 
that the color is not due to a rich supply of blood vessels. 
Indeed, one species of Pacific Salmon, viz., the Dog Sal- 
mon, a very large species, has always whitish flesh, or 
quite white flesh. As to the contention that loss of color 
or lack of it, proves an unhealthy, or diseased or deteri- 
orated state, it will not bear examination, for those best 
acquainted with Pacific Salmon usually consider the 
white-fleshed specimens as of better flavor than the ordi- 
nary red-fleshed salmon.* Personally, I am of opinion 
that the hard, dry, deep red flesh of the Sockeye has less 
flavor and is less appetizing than the paler colored Quin- 
nat and the Coho, or the very pale Humpback. The deep 
red Sockeye is often dry, hard, and lacking in flavor when 
fresh, but the process of canning or over-cooking, and 
the addition of a little salt in the can, during the pack- 
ing, improves very greatly its edible qualities. The In- 
dians of the Pacific Coast always preferred, as more deli- 
cate and better flavored, the white Spring Salmon rather 
than the usual red specimens, and I agree in their opin- 
ion; but they also esteemed the white-fleshed Dog-salmon, 
an opinion in which I do not share. 

*The New York Fishery Gazette recently said (Vol. XXXIII, No. 48, 
p. 1,509): “Regardless of the quality of the fish, the color line is sharply 
drawn by the public when purchasing salmon. The preference, of course, 
is for fish of a red color, while, as a matter, of fact, white salmon is 
generally a finer fish .... One of the largest handlers of pickled sal- 
mon in New York is responsible for the statement that white salmon, 


as a general rule, is a fancier and better fish than red or pink salmon. 
. it is a better fish than most of its deeper colored cousins.” 
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The lake trout, gray trout or Togue, exhibit great va- 
riation even in the same lakes and on the same fishing 
grounds, but some waters are characterized by white- 
fleshed trout; these latter being as healthy, well-fed and 
well-flavored as the fish from lakes in which the trout 
are uniformly tinted pink or red. 

If we compare the various Pacific with the Atlantic 
Salmon, the latter, it may be said, are generally paler. 
Yet no one would claim, I think, that the Atlantic Sal- 
mon is inferior to any of the Pacific species in edible 
qualities, flavor, texture or delicacy; indeed most people 
would affirm that the Atlantic Salmon, the Labrador, 
Saguenay, Gaspe, Restigouche, Miramichi, St. John, or 
other fine Canadian fish, are very much superior. More- 
over, these Atlantic fish differ in the color of the flesh 
locally, and some practical fishermen claim that they can 
determine the river from which a fish comes not only by 
its shape, average size, and build; but by the color, tex- 
ture, and special flavor, of the meat. As there are white 
grapes which are just as good as red or rich black grapes, 
so the white-fleshed salmon and trout may be quite equal 
to the deeply tinted varieties. An hotel proprietor in- 
formed me recently that if red trout or salmon, and 
pale-fleshed trout or salmon, were placed on the same 
tables, the guests, without exception, would choose the 
deep colored fish, and would declare that it was superior 
in flavor. On the other hand, sweet corn, if white (or 
even bleached artificially), would also be pronounced 
better and more delicate than the yellow-colored corn. 
This shows how small is the value of popular opinion, 
while the shade of red, or the tint, of the flesh, would 
seem in so many salmon and trout to be very erratic, 
there is general agreement that after spawning, all red- 
fleshed specimens are paler,-the colored oily matter pass- 
ing, it is contended, to the eggs. 


Color Transferred to Eggs. 


No very exact observations are on record, however, 
but this deterioration can hardly take place in the male 
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fish, inasmuch as the contents of the testes are of an 
intense opaque white and no transference of red mate- 
rial has apparently taken place from the muscles to those 
organs at the breeding season. It is not true to say of 
all red-fleshed salmon that the red color is associated 
with the building-up process, or storing of reserve ma- 
terials, preparatory to the spawning period. That would 
not apply to white-fleshed salmon or trout, and does not 
appear to apply to the male, even in the species with 
deep red flesh. Undoubtedly the red oily matter, abun- 
dant in the flesh, does pass to the ovaries of the female, 
and the eggs are brilliantly tinted by these abundant red 
globules in the yolk-matter. It is interesting to note that 
red eggs and pale or white living eggs are familiar to 
hatchery officers, the red eggs being the product of red- 
fleshed fish, and the white or colorless eggs being the 
product of pale-fieshed females. Pale eggs of white- 
fleshed salmon and trout are almost as colorless as the 
eggs of the whitefish. What an important point this is 
in the work of fish culture. The red-fleshed fish are 
universally preferred, yet we often breed from pale- 
fleshed parents. The greatest care should be taken to take 
eggs from females characterized by the highly-esteemed, 
deep red tint in the flesh. 


Theoretical Explanation of Color. 


How does this red color arise? What is the explana- 
tion of its presence? I dealt with the question over twen- 
ty years ago in a paper in the Annals of Natural His- 
tory, the title being ‘‘The Presence of Oleaginous Spheres 
in the Yolk of Teleostean Ova,’ and I claimed that the 
color of the flesh was an hereditary trait, and I there 
pointed out that, if Professor F. M. Balfour’s view be 
correct, that the ova of Teleosteans had ancestrally di- 
minished in size, then the fluids, such as myosin, lecithin, 
ete., contained in the vitelline globe of the egg, would 
diminish also. If all the contents did not diminish 
equally; but in some species, a phosphorized oily fluid, 
like lecithin, did not decrease proportionately, droplets 
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or globules would accumulate, and remain in the ovum. 
If these globules were tinted by some excretionary or 
other pigments, they would appear as striking, though 
unessential and redundant, features in the egg. Now, 
the colored globules in the eggs of the salmon bear pre- 
cisely this character. In many other fish eggs, one or 
many large colored globules or spheres occur, and they 
are not used up as the embryo fish develops, but persist 
for a long time after the young larva is hatched, and may 
even be seen in the transparent or semi-transparent body 
of the fish in the post-larval stages. It seems to me that 
the color of the salmon’s flesh originates in these red 
globules, which continue from generation to generation 
as redundant and unessential elements in the ovum and 
embryo, and remain to permeate the muscles in the ale- 
vin, smolt, grilse, and adult stages in the life of the fish. 
Were this orange-colored fluid absolutely necessary to the 
health and life of the salmon and trout, the pale or white- 
fleshed fish would not exist; they would die out. But 
such is not the case. In some lakes and streams these 
less desirable trout, less desirable because white-fleshed, 
have superseded the red-fieshed type. 

It must be noted that the clear, somewhat translucent, 
fluid in the ripe ovary, and bathing the eggs, gives as 
experiment has shown, marked proteid reactions; it is 
rich in lecithin; no less than 15 to 20 per cent, and yields 
also nucleo-proteins. 


Colored Globules Do Not Cause Buoyancy in Eggs. 


In studying the development of marine fishes, espe- 
cially those with pelagic eggs, I have found that the 
globules in the vitelline globe whether colored, as in 
some species, or uncolored as in other species, had noth- 
ing to do with their buoyancy or floating power, though 
many authorities have so claimed, for the eggs of the 
cod and haddock float in the sea, while destitute of those 
remarkable globules, as freely as the eggs of the cunner 
or sea perch (Tautogolabrus) or the mackerel (Scom- 
ber) in which a colored globule or several globules, form 
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avery conspicuous feature in the living egg. The eggs 
of the herring and the skulpin exhibit a large number 
of such globules, but have no floating power. 


Chemistry of Yolk-Color. 


The real nature of this red-colored material apart from 
Miescher’s and Hoppe-Seyler’s early studies has never 
been chemically determined thoroughly.* We know that 
in the orange vitelline globe of the hen’s egg (the yellow 
yolk-ball) 11% or 12% consists of a lipoid, which the 
best authorities regard as lecithin; but some recent work- 
ers, amongst them Dr. A. Erlandsen, have disputed this, 
and tried to isolate cuorin from the yellow yolk, but did 
not succeed. Serons and Palozzi, in further researches, 
emphasized again the presence of the characteristic 
lipoid, lecthin; though the yellow pigment itself is a xan- 
thophyll, really regarded by Willstatter and Escher as 
an animal pigment called carotin-lutein, or lutein with a 
carotin-like pigment in its substance. 


Practical Bearing on Fish-Culture. 


The answer to the question “Why are Salmon and 
Trout Red-Meated?” would therefore seem to be, that it 
is an hereditary feature, due almost certainly to the col- 
ored material in the yolk of the egg from which the fish 
developed. This colored material is unessentiail; it per- 
sists as “oil drops’ until a late stage in the early life of 
the fish and is not used up, as the other contents of the 
egg are; but finally it passes into the body-tissues, and 
is found in the form of very minute bright red bodies, 
seated in the cement substance of the individual fibrillze 
of the great lateral muscles. That these colored bodies 
are absent in some trout and salmon, and present in 
others of the same species, demonstrates that they are 





*Miescher’s researches are incomplete and inconclusive, and further 
studies are urgent. Miss Newbigin surmised (op. cit., p. 161), that the 
red color was a lipochrome pigment allied to tetronerythrin or zoonery- 
thrin, and in the salmon is important in coloring the ova... . In the 
male salmon the pigment is probably eliminated as the fat is used up, 
(vide, p. 164). 
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not vitally essential. While, therefore, a salmon or 
trout, with pale flesh or white flesh, is by no means in- 
ferior, yet popular taste gives the bright orange-colored 
meat the preference. Hence the necessity of breeding 
from red-meated fish, and rejecting those which are not 
red-meated. The former produce the red- or orange- 
colored eggs from which the desirable red-meated sal- 
mon, or trout, can alone be hatched. 


DESTROYING A FOOD PRODUCING 
INDUSTRY 


IS IT SOUND PUBLIC POLICY ? 
By HENRY C. ROWE, Groton, Conn. 


Over forty years ago the State of Connecticut was 
foremost among all the states in permitting her enter- 
prising citizens to create an oyster farming industry. 
During the past ten years, she has by unwise legislation 
taken the lead toward its destruction. 

Between 1876 and 1880, it was conceded that Connecti- 
cut had taken the lead in the oyster industry and the 
most progressive legislators from other states came here 
to ascertain Connecticut methods and to advocate similar 
measures in their respective states. 

Between 1870 and 1880, the laws of Connecticut per- 
mitted certain officials in the coast towns to grant to any 
citizen, areas of land under water for the purpose of 
propagating and planting shell fish; they were sold to 
such citizens at $1.00 per acre. 

For many years the enterprise was regarded as too 
hazardous for extensive investment, but in 1874 and 775, 
the more enterprising oyster planters purchased some 
of the barren grounds in the open waters of Long Island 
Sound, from one to three miles from land, outside of the 
bays, harbors and islands where the previous oyster cul- 
tivation had existed. 

These adventurous planters were ridiculed for such 
a hare brained investment and it was commonly spoken 
of as a case of “A fool and his money soon parted.” Not- 
withstanding many losses, dangers and difficulties, these 
adventurous planters achieved success and before 1878 
the enterprise was recognized as a promising and grow- 
ing industry and was rapidly developed and extended. 
Oysters at that time within these waters grew more 
rapidly and the meats were much better than in the same 
areas at the present time. 


sate 


Rowe.—Destroying a Food Industry 63 


By 1881, the towns along the coast had realized large 
sums of money with but little expense by selling oyster 
grounds to the planters, in pursuance of the laws then 
existing authorizing such sales. For instance, prior to 
1881, the town of Stratford received clear of all ex- 
pense, $5,600 on a sale of about six thousand acres. 

This industry having proved a success, the legisla- 
ture in 1881, created a Commission so that the state in- 
stead of the towns should receive the proceeds of the 
sales of the grounds. It was provided that this Com- 
mission might sell oyster grounds for the same price at 
which the towns had previously been authorized to sell, 
and the Commission in pursuance of this new legislation 
procured an office, held frequent meetings and employed 
a clerk and an engineer. 

If the business of the state had been administered 
upon the same economical methods as that of the towns 
had been, the state should have received net proceeds to 
the amount of $45,000 on the sales of the next seven 
years. But on investigation in 1888, it was found that 
the business of the state had been transacted in so ex- 
travagant a manner that instead of netting $45,000, the 
state had lost $45,000. 

A summary of the official reports showed the follow- 
ing figures: 

Cost of Commission, its employees and 


expenses to June, 1888 ............ $84,647.15 
Total proceeds sales of ground and engi- 
MEOHINE + SATMIE irs he hoe eile apa elietehepes eae: $57,091.00 
Deduct for worthless ground returned to 
EO MSTALC a ein ele ahe re ae cl ava er memeret es lon 18,247.40 38,843.60 
Net loss) toystatemtcscteeie cee $45,803.55 


At a legislative investigation in 1888, it appeared that 
each meeting of the Commission cost the state thirty dol- 
lars, and that their pay was drawn, according to the re- 
ports of the Commissioners, for nearly every week-day of 
the year. Also that the expenditures for the Clerk of 
Shell Fisheries and the Engineer were of extravagant 
proportions, so that, although the oyster growers had 
paid the state over $57,000 for grounds, instead of net 
proceeds there was a loss of over $45,000. 
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In the meantime, however, the oyster industry had 
grown very rapidly up to the time of the inception of 
the Commission in 1881, and from that time until 1885 
the growth continued, although at a much slower rate, 
until about 1890. This was not because of any encourag- 
ment or assistance by the Commission, but rather in spite 
of the hindrance and obstructions created by it. 

From 1876 until somewhat later than 1890, the busi- 
ness was prosperous and profitable, and to a much less 
degree it remained so between 1890 and 1900. 

With the increase of the quantity of oysters in Con- 
necticut waters, it has been found that the growth of the 
oysters has very much diminished and the meats are as 
a rule not as well nourished. Whether these results are 
attributable to a diminution of the food and shell mate- 
rial in the water owing to the great increase in the quan- 
tity of oysters, or whether it is due to various other 
causes which have been suggested, is not yet perhaps 
definitely decided. 

As oysters furnish food to the star-fish, the increase in 
this food has at various times much increased the num- 
ber of star-fish, so that great expense has been entailed 
to catch and destroy them. In addition to natural causes, 
there are other reasons why the industry in the State of 
Connecticut is now steadily declining and the acreage of 
oyster grounds held by planters in the state has greatly 
decreased in recent years. 

One of the most depressing influences has been the 
unjust and unreasonable taxation of oyster grounds. 

Prior to 1893, the law with reference to the taxation of 
the franchises for oyster grounds, was that the grounds 
should be assessed at their fair market value, and should 
pay a tax of ten mills upon this valuation. The basis for 
this taxation was that oyster farming was analogous to 
farming on land. Both are food producing and both de- 
pend upon the propagation and planting of crops by the 
farmer. In both, the crops must be protected and cared 
for, and must be harvested and marketed when they ar- 
rive at maturity, if not lost during the five years of 
growth required for oysters. 
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When this law was enacted, it appeared that the aver- 
age tax upon farm lands of the state was about ten mills 
on actual market values, and as oyster farming was more 
hazardous than up-land farming, and, as the property 
involved was less protected by law than property on 
land, it was considered that ten mills was a sufficient and 
reasonable rate of taxation. The taxation of oyster 
grounds was analogous to that of farms, rather than to 
that of city property, because the oyster grounds could 
not partake of the benefits of taxation such as are de- 
rived by city property,—they need no fire protection; no 
sewers or public works of my kind; no street lights; no 
building department; no educational expense, parks, 
street pavements, sidewalk pavements, etc. All these 
items furnish reasons for the additional taxes which in 
many cities amount to twenty mills instead of ten mills, 
as upon farms in the country. 

In 1893 it was called to the attention of the legislature 
that the oyster grounds situated from one to four miles 
from land, in the open waters of Long Island Sound, 
were of necessity more subject to depredation than any 
property on land, because the navigable waters are a law- 
ful highway which is travelled by every kind of boat 
and vessel by night and by day. 

After a long discussion in the General Assembly, it 
was enacted that five mills additional should be collected 
in taxes upon the oyster grounds, and the Shell Fish Com- 
missioners were authorized to expend this amount in 
oyster police for the protection of the oysters on these 
exposed grounds. 

The Shell Fish Commission, whose personnel had been 
changed after the investigation of 1888, called a con- 
sultation of oyster growers of the state, and methods 
were devised for the expenditure of this additional tax in 
such ways as seemed to the oyster growers and to the 
Commissioners best adapted to protect these properties. 

This continued for eighteen or twenty years, after 
which without any authority of law or justice, the 
amounts collected for this purpose were withheld and the 
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oyster growers were deprived of the protection for which 
they had paid additional tax. 

In 1908 a movement was started by certain politicians, 
upon the assumption that the taxes upon the oyster prop- 
erties were not as much as they ought to be. The reason 
advanced for this claim was that the oyster grounds did 
not pay to the state nearly as much revenue per acre as 
the oyster grounds in Rhode Island. 

In a message to the Legislature by the Governor at that 
time, this was pointed out, but the message failed to men- 
tion the basic fact that in Rhode Island the oyster 
grounds are owned by the state, while in Connecticut the 
state sold the ground upon prices and terms fixed by it- 
self and that they are owned by the planters,—so that, 
while in Rhode Island the state may justly fix such a 
rental as it may choose upon its own property, the State 
of Connecticut has no right to exact a rental on property 
that it does not own, but is justly entitled to a reason- 
able tax upon the value of property owned by the oyster 
farmers. The message also failed to note the fact that 
some of the grounds in Rhode Island are beyond com- 
parison more valuable than those in Connecticut, but, 
even so, it has been found in recent years that the rent 
required in Rhode Island is so high, that the business is 
now steadily declining in that state, as well as in Con- 
necticut. 

Misled by incorrect information, the legislatures dur- 
ing the past four years, have added one hardship after 
another in the treatment of the oyster farmers. 

While the law permits the assessment of oyster 
grounds at their market value, they have been made in 
fact, ten and twenty times as much as they were ten 
years ago. Oyster grounds that have been assessed at 
$5,000 have been publicly offered for sale for $500, or 
even $250. 

The oyster farmers have been wrongly ‘deprived of 
many thousands of acres of land under forms of law, by 
means of making the assessments so high that the owners 
were compelled to give up their lands rather than pay the 
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exorbitant taxes. These lands’ were bought for cash 
from the state, and taxes were paid upon them for thirty 
years, but they were practically robbed from their 
owners. 

The same official who in 1908 assessed a piece of 
ground at between eight and nine thousand dollars 
assessed it in 1914 for $128,988, more than fourteen 
times what he had assessed it at in 1908. The rule of 
assessment according to law on both of those dates, was 
the “‘fair market value,” and it was worth much less in 
i914 than in 1908. 

This is only one illustration of many hundreds in 
which oppresive injustice was inflicted upon the oyster 
farmers. But not only was-the law violated with refer- 
ence to assessments, but the rate of taxation has been 
doubled so that it is now twenty mills on the dollar of 
valuation, and oyster grounds three miles from land that 
can enjoy none of the protection or benefits of city gov- 
ernment, are required to pay a revenue at the same rate 
as real estate in the centre of a populous city. 

The oyster growers have been unjustly deprived of 
the police which they paid for by special tax, and have 
been compelled to go to each legislature and deny and 
refute misrepresentations intended to procure additional 
legislation against them. They have been harassed and 
persecuted by short-sighted politicians, so that a large 
number of those formerly engaged in the business have 
abandoned it entirely, others have sold out their inter- 
ests, and many of the leading firms have removed their 
business partly or wholly from the state and their capital 
is being transferred to other lines of investment. 

I will not take space here to enumerate the many an- 
noying and oppressive laws which have been enacted in 
recent years. This short-sighted policy is the latest ex- 
hibition of “killing the goose to get the golden egg.” 

Farmers on land are encouraged and assisted by fed- 
eral and state appropriations of many millions of dollars 
annually. Swimming fish are propagated for the benefit 
of the fisherman and the angler at great expense by both 
state and federal governments. 
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Is it then public policy to discourage the oyster farmer, 
who at great labor and expense produces his own crops 
without assistance? 

The excuse has been made that the oyster industry has 
been prosperous and profitable. It was so twenty-five 
or thirty years ago, but it does not appear that it should 
be penalized for prosperity which has long since past, or 
that it should be driven out of the state by reason of such 
departed prosperity. 

Is it public policy to discourage any food producing 
industry when our city population is increasing many 
times as fast as our farming population? When con- 
sumers are multiplying and food supply is decreasing? 
Is it not against the interest of every consumer that food 
producers should be discouraged when the price of food 
is already so high? 
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AN EXPERIMENTAL STUDY OF THE 
POISONING OF FISHES BY ILLUMI- 
NATING GAS WASTES* 


By Dr. V. E. Shelford 
Illinois State Laboratory of Natural History, Urbana, Lil. 


The work of the various investigators, both American 
and European, has shown that the various by-products 
of the manufacture of illuminating gas, as well as the 
effluent from ammonia sludge beds, lime and iron oxide 
from purifiers, etc., are poisonous to fishes. In spite of 
this and their great commercial value they have been 
and continue to be thrown into streams, especially from 
the smaller plants. Their marked effect upon the life of 
certain streams in Illinois led to the investigation of the 
subject by the writer under the auspices of the State 
Laboratory. The writer investigated gas liquors, vari- 
ous mixtures of coal tar compounds and thirty-two or- 
ganic compounds representing the various groups. Dr. 
Wells investigated the two oxides of carbon. 

From the usual point of view of the economic zoologist 
it is sufficient to know that the mixtures thrown into 
streams are poisonous and the matter is usually allowed 
to rest there. The pure science investigator however, 
raised further questions. Various methods of recover- 
ing and using by-products, remove certain compounds 
and discharge the residue,—Which compounds are most 
toxic and which are not poisonous? Killing experiments 
have usually been performed on fair sized young fish,— 
What stages in the life histories of food and game fishes 
are most sensitive? Some compounds are gases in solu- 
tion which would be expected to diffuse out of water very 
quickly,— Do they actually escape quickly? Some com- 
pounds are regarded as insoluble and hence not to be 
considered,—Are they soluble enough and toxic enough 





*The results of the researches will be published in full in the Bulletin 
of the Illinois State Laboratory of Natural History. 
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to destroy fishes? Fishes usually turn about and swim 
away when they encounter detrimental conditions oc- 
curring normally in fish waters,—Do they avoid strange 
poisons when they encounter them? 

The relative toxicity of thirty-four compounds result- 
ing from the destructive distillation of coal and chosen 
to represent natural groups, has been determined. The 
small Illinois sunfish (Lepomis humilis) weighing 4-5 
grams was used as a standard fish and the concentrations 
used for comparison were those killing the standard fish 
in one hour. The following list gives the results for 
some of the groups of compounds in parts per million. 


Parts per million by weight 


Compound to kill the standard fish in 
one hour. 

Amonia 7-8 

Ammonia Salts 150-700 

Aniline 1000-1200 
Quinoline 52-56 
Sulphuretted Compounds 5-125 

Phenols and Cresols 50-90 

Heavy hydrocarbons 2-65 

Carbon monoxide (by Wells) 8 


All but three of the compounds studied were found to 
be serious poisons. The condensed table above indicates 
that the removal of any class of compounds would not ren- 
der the residue harmless. 

In general the younger fishes down to 1.5 grams (sun- 
fishes) are more sensitive than the larger ones. This is 
true for the majority of compounds but a few, as carbon 
bisulfide, are marked exceptions. Sollmann, using stand- 
ing water, found that eggs of Funduli appeared less sus- 
ceptible to poisons than either adults or embryos. His 
methods were faulty, however, and it is probable that his 
results were in part due to confining the fishes in small 
quantities of water. Gortner and Banta found that cer- 
tain phenolic compounds were about as toxic to amphib- 
ian eggs as they are to the sunfishes used in this work 
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and amphibians are much more resistant than fishes. It 
is probable that very young fry are as a rule most sensi- 
tive, but the subject is being investigated further at this 
point. The most sensitive stage in the life history is the 
stage with which minimal fatal amounts must be de- 
termined. 

The investigation showed that gases such as sulphur 
dioxide, hydrogen sulphide, and ethylene remain in solu- 
tion in standing water for days in sufficient quantity to 
kill fishes. Dr. Wells showed that carbon monoxide in 
particular makes water toxic for weeks. Being retained 
by water for long periods, it ranks with the most poison- 
ous solids in toxicity. 

Compounds such as xylene, benzene, phenanthrene, and 
naphthalene are regarded as insoluble and hence harm- 
less by some industrial chemists. These proved very toxic 
and sufficiently soluble to kill fishes in a few minutes, be- 
ing among the most toxic compounds in the whole series 
of coal tar derivatives. 

On encountering nearly all these compounds fishes do 
not turn back as they do in the case of the detrimental 
substances and conditions which occur regularly in fish 
waters, but swim into them without noting them and on 
encountering pure water again they turn back into the 
polluted water, even though it causes death in a short 
time. This is true also of the gas liquors studied and of 
gas in solution and is the rule in both acid and alkaline 
water. It is obvious from this that these types of contam- 
inating substances are double dangerous and an earnest 
effort should be made to prevent their introduction into 
streams at all. 
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NOTES ON THE REARING, GROWTH, 
AND FOOD OF THE CHANNEL CAT- 
FISH, ICTALURUS PUNCTATUS 


By AUSTIN F. SHIRA, Director 
U. S. Biological Station, Fairport, Iowa. 


Though the channel catfish, Ictalurus punctatus, (Ra- 
finesque), is one of the most important of the Siluridae 
as far as food qualities are concerned, its habits have 
perhaps been as little known as those of any of the cat- 
fishes. Aside from its geographical range, size, and pro- 
visional breeding season, very little information has been 
published. 

Regarding its food value, Jordan* says, “The flesh of 
the channel cat, when fresh, is verp superior; it is white, 
crisp and juicy, of excellent flavor and not tough. It is 
much more delicate both in fiber and in flavor than that of 
our other catfishes. When well cooked, I consider it 
superior to that of the black bass, the wall-eye, the yellow 
perch, or any other of our percoid fishes. Among our 
fresh-water fishes it is inferior only to the whitefish, the 
trout, and other Salmonidae.” Regarding its distribu- 
tion, he further states that it ‘abounds in all flowing 
streams from Western New York to Montana and south- 
ward to Florida and Texas. It is perhaps, most common 
in Tennessee, Arkansas, and Missouri. It seems to pre- 
fer running waters, and both young and old are most 
abundant in gravelly shoals and ripples. The other cat- 
fishes prefer rather sluggish waters and mud bottoms. I 
have occasionally taken channel cats in ponds and bayous, 
but such localities are apparently not their preference. 
They rarely enter small brooks, unless these are clear 
and gravelly. Whether they will thrive in artificial, 
ponds, we can only know from experiment.” With refer- 





*David S. Jordan. “The Habits and the value for food of the Amer- 
ican channel catfish (Ictalurus punctatus, Rafinesque). Bull. U. S. 
PF. C., 1885., p. 34. 
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ence to its habits, he says, “It is a carnivorous fish, al- 
though less greedy than its larger-mouthed relatives. It 
feeds on insects, crayfishes, worms, and small fishes, and 
readily takes the hook. It spawns in the spring, but its 
breeding habits have not been studied.” 

More recently, Forbes and Richardson* give its range 
as ‘“‘throughout the Mississippi Valley, the Gulf and Great 
Lakes region, and northward to Ontario and Winnipeg, 
being especially abundant in the Red River at the latter 
place. Southward it extends to the Alabama River and 
the Florida peninsula, Louisiana, Texas, and the Rivers 
of northern Mexico.” The food of 43 specimens exam- 
ined by them consisted of insects, (larvae and adult) 
principally aquatic, 44 per cent, vegetable matter, 25 per 
cent, and Mollusks, 15 per cent. The remainder con- 
sisted of fishes, animal debris, and stillhouse slops. Most 
of the aquatic insects were larvae of may-flies, dragon- 
flies, and gnats, though now and then a fish had fed 
wholly on terrestrial forms. 

In a letter to Prof. S. F. Baird as published in the Bul- 
letin of the U. S. Fish Commission for 1884, J. F. Jones 
of Hogansville, Georgia, writes of his success in raising 
the ‘‘speckled catfish” in a five-acre pond but it is not 
perfectly clear that he had the channel cat, J. punctatus, 
in mind, as his fish may have been a species of Ameiurus. 
In his paper on the “Habits of some of our Commercial 
Catfishes,”+ W. C. Kendall refers to the “speckled cat- 
fish” of Jones as the channel cat-fish, Jctalurus punctatus, 
but one feels some hesitancy in basing the identity on the 
meager and confusing description of the fish and its hab- 
its given in Mr. Jones’ letter. 

The following account of the spawning of the channel, 
or spotted catfish, in an aquarium is taken from the Re- 
port of the Commissioner of Fisheries for 1911. “Dur- 
ing the summer of 1910 an excellent opportunity was pre- 
sented of observing the reproductive habits of the spotted 





*Forbes and Richardson. “The Fishes of Illinois.’ Natural History 
Survey of Illinois. Ichthyology, Vol. III, 1908. 


+Bull. U. S. Bureau of Fisheries, 1902, p. 406. 
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catfish, a subject about which little definite information 
has been obtainable. On July 9, between the hours of 9 
and 10 A. M., a pair of these fish confined among others 
in a large aquarium in Central Station (Washington, D. 
C.) were seen to be in spawning condition. They had 
prepared a nest 8 to 10 inches in diameter by removing 
the gravel from the bottom of the aquarium, leaving the 
bare slate exposed. On this space the female deposited a 
mass of eggs, estimated at 3,000, but all except 50 of the 
eggs were devoured before the other fish could be re- 
moved from the tank. The remaining eggs were taken in 
charge and tenderly cared for by the male parent, the 
female apparently taking no further interest in the pro- 
ceedings. On the fifth day 41 fry were hatched, the water 
temperature for the period averaging 81° F. The young 
when hatched were three-eighths of an inch long and of a 
whitish-pink color, which gradually became darker, as- 
suming a light slate by the eighth day. At 4 days old 
they became very strong and active, and on the seventh 
day were fed canned herring roe, to the exclusive use 
of which is attributed the loss of 29 within 3 days. Beef 
liver was then substituted. The remaining twelve throve 
on this diet, reaching a length of 314 inches by the 
middle of November, when the water temperature 
dropped to 40°F. They then refused food and hibernated 
in a little cluster in one corner of the aquarium. Early 
in February the fish were attacked by fungus which 
caused the death of 8. The other 4 were in the aqua- 
rium at the close of the year and apparently healthy, 
being 4 inches in length.” This is undoubtedly the first 
authentic record of the breeding of the channel catfish. 

For several years the Bureau of Fisheries has at- 
tempted to rear the channel cat in ponds at several of its 
stations, but until it was attempted at the Fairport Sta- 
tion, no successful results had been obtained. The first 
experiments were started at this station during the sea- 
son of 1914, in one of the ponds designated as 16 B. This 
is an earth pond 0.195 acre in area, rectangular in form, 
with a maximum depth of 6 feet and 10 inches. This 
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pond was stocked with 66 brood fish of medium size, 
April 24, 1914. These fish were fed cheese and river 
minnows weekly throughout the summer, but aside from 
the feeding no further attention was given them. On 
November 28, 1914, the pond was drained and in addition 
to the 66 adult fish recovered, 9 young were obtained. 
The experiment was continued the following Spring with 
the same stock of brood fish, less 5 which had been re- 
moved. On November 23, 1915, the pond was drawn and, 
in addition to the 61 adults recovered, an increase of 7 
young was noted, measuring from 4 to 8 inches in length. 

From the standpoint of numbers of young produced, 
the work during these two years was not at all satis- 
factory, but from the standpoint of size the results were 
quite encouraging. The fact that the young catfish 
reached a maximum length of 8 inches indicated that they 
did well in the pond and, if numbers as well as size could 
be obtained, the problem would in a large part be solved. 


Accordingly, it was determined to continue the experi- 
ment another year and keep a closer check, if possible, 
on the pond. Thinking that perhaps the fish might do 
*better in a larger pond, it was decided to use Pond 9 D, 
the only large pond available, even though it was a new 
pond. This pond has an area of 0.681 acre and a maxi- 
mum depth of 7 feet. On May 3, 1916, 34 channel catfish 
were placed in the pond, some of these fish being brood 
stock saved from the preceding season and others having 
been obtained from the Mississippi River during the fall 
and retained over winter. Four nail kegs to serve as 
nesting sites were placed in the pond banks at a slight 
angle above the horizontal and slightly above the bottom 
of the pond. No vegetation was placed in the pond and 
throughout the season no growth of aquatic plants ex- 
cept filamentous algae occurred. 

In order to keep a closer check on the experiment 
and note the results being obtained, it was decided to 
drain the pond about July 1, if necessary, to learn 
whether or not any increase had been obtained. As the 
water which supplies the ponds is taken from the river, 





FIGURE 1. Showing position of keg in which a nest of eggs 
of the channel catfish was found July 6, 1916, after pond 
was drained. Pond 9 D, U.S. Biological Station, Fairport, 
Iowa. 


FIGURE 2. Hole in the bank of Pond 9 D, which may have 
been made by the catfish and used as a nest, July 6, 1916. 
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it is usually so muddy, or roily, during the spring months, 
that it is difficult and at times impossible to observe the 
nesting of the pond fishes. Thus in planning the season’s 
work it was decided that, if no information regarding the 
spawning of the fish could be obtained by observation, the 
pond would be drawn as an extreme measure, though it 
was realized that a sacrifice of a large quantity of the 
food elements of the pond would be entailed. The tenta- 
tive date for draining the pond was set as July 1 for two 
reasons :— 

1. It was thought that this would give ample time for 
the lapse of the spawning and hatching period and still 
be sufficiently early to obtain any young that might be in 
the pond and separate them from the adults before they 
had made very much growth. 


2. If it was ascertained that spawning had taken 
place, and yet no young were found, there would still be a 
sufficient portion of the season remaining to utilize the 
pond to very good advantage in other experiments. 


During the spring a very careful watch was kept on 
the pond, but no evidence of spawning was noted and, in 
truth, it would have been very difficult to have detected 
such evidence. Not deeming it advisable to get in the 
pond with a seine, it was determined to slowly draw off 
the water. This was done and July 6 the water was suffi- 
ciently low to lay bare the greater area of the pond bot- 
tom. On walking along the pond-bank, Mr. H. L. Can- 
field, Superintendent of Fish Culture, saw one of the 
adult catfish lying in the shallow water and about a foot 
behind the fish he noted a very compact school of fry. 
From its size and appearance, the fish was estimated 
to weigh about three or four pounds. On closer ap- 
proach the adult fish made a splash and retreated to 
a deeper portion of the pond, roiling the water consider- 
ably by its movement. As the water gradually cleared, 
the fry were still seen schooling in the same place. One 
of the kegs placed for nesting was nearby and when 
examined was found to contain a number of fry, evi- 
dently the remains of the school outside which had left 
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the keg. These fish were estimated to be about one-fifth 
of the school. The keg was then about a foot out of 
the water, but it still held some water left in as the pond 
was lowered. On being advised of the discovery the 
writer went to the pond and the small, compact, grayish 
school of fry was still in sight. 


Another keg with the lower edge of the opening just 
about level with the water surface, and located nearer the 
outlet of the pond, was then examined and it was found to 
contain a mass of yellowish eggs, approximating a single 
handful. The eggs formed a very glutinous mass not 
resting at the lowest point in the keg, but adhering to the 
lower slightly sloping side near the mouth. A few of the 
eggs were removed and well-developed and active em- 
bryos were seen inside the egg cases. An attempt was 
made by Mr. Southall to photograph the school of fry in 
the pond, but owing to the roily water and the efforts of 
the fry to get under masses of algae, the efforts were un- 
successful. However, pictures were taken of the kegs in 
situ (Fig. 1) and also of a hole in one of the pond 
banks (Fig. 2) that appeared to have been made by some 
of the catfish, perhaps for nesting purposes. As the 
water in the pond was getting quite warm, the keg with 
the eggs was removed to the tank house where a picture 
was taken of them (Fig 3). The eggs were then care- 
fully tempered from a temperature of 90° F. to 72° F. 
and placed in a Downing hatching jar at 6:00 P. M. As 
many of the fry as it was possible to secure were obtained 
and also placed in the tank house. Later they were placed 
in a round glass dish and a photograph taken of them 
(Fig 4). 

Several of the eggs had hatched the following morning; 
prematurely no doubt and probably caused by the hand- 
ling of the preceding day. A large number of the eggs 
hatched on the 8th. On the morning of the 9th several 
of the fry were found dead apparently having been 
smothered under the egg mass. Unlike the fry of the 
pike perch, or buffalo fish, they do not rise after hatch- 
ing, but keep close to the bottom and as there was no 





FIGURE 3. Showing the eggs of the channel catfish in original position in 
keg as found in Pond 9 D, July 6, 1916. Keg and eggs carried to tank 
houre in tub of water and there photegraphed. 


FIGURE 4. Fry of the channel catfish, J. punctatus, found in Pond 9 D, 
July 6, 1916. Photographed in glass dish. 
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flat surface in the jar upon which they could rest they 
congregated in a dense mass at the lowest point in the jar 
under the unhatched eggs. In an effort to remedy this, 
the eggs were removed to a round, rather flat-bottomed 
glass aquarium of about 6 litres capacity, supplied with 
a tube from the hatching battery. This gave the fry an 
opportunity to scatter out over the bottom of the glass 
vessel and no further loss resulted. By 5:00 P. M. on this 
same date all had hatched, 706 strong and healthy fry 
having been obtained. In addition, 164 fry had died and 
150 eggs had been lost during the hatching period, mak- 
ing in all 1,020 eggs that had been removed from the nest 
in the pond. 

The eggs averaged 3.53 mm. (about 0.14 of an inch) 
in diameter and the young when hatched were about one 
half an inch long, were quite slender, and very transpar- 
ent. The yolk sack was quite large and oblong, making 
up about 14 the length of the fish, and of a rather light 
amber color. By July 138th, the yolk sac was almost 
wholly absorbed. The fry kept very close to the bottom 
of the container and made little effort to rise. 

Of the fry that had hatched in the pond, 2,861 were 
obtained. Of this number 802, including those found 
dead in the keg, were lost in the process of handling, due 
to the fact that they were entangled in dense masses 
of algae from which they were removed with difficulty. 
The temperature of the water at the time of removal was 
95° F. Of the 2,059 living ones, 1,717 were returned to 
Pond 9 D, July 8, after removal of adults; 300 placed in 
Pond 1 E, July 8, a new pond with an area of 0.046 acre; 
30 placed in an aquarium, and the remainder preserved 
for specimens. The 706 fry hatched in the jar were dis- 
posed of as follows:—800 placed in Pond 4 BH, July ll, a 
new pond with an area of about 0.046 acre; 374 placed 
in Pond 9 D with the older fry, July 11; and the re- 
mainder preserved as specimens. 


Growth 


Beginning July 25, collections, almost weekly, have 
been made in the ponds, and the young fishes secured 
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have been measured and the stomach contents examined. 
The growth made by the fishes in the three ponds, up to 
September 2, is given in the following table. 

Referring to table No. 1, it will be noted that the fish 
reached the largest size in Pond 1 EK where a maximum 
length of 4.37 inches and an average length of 4.05 inches 
had been obtained by September 2, being an increase of 
3.81 inches an 3.53 inches over the original measure- 
ments started with. This is quite a remarkable growth 
to be made in approximately two months time. Though 
smaller at the commencement, the fish in Pond 4 E had 
reached a greater size by August 19, than the ones in 
Pond 9 D, and continued in the lead. As the fish in Pond 
1 E had also grown faster than the ones in 9 D, the natu- 
ral supposition would be that there was less available 
food in the latter pond, per number of fish, than in the 
two other ponds. 


Food 


The stomach contents of the fishes taken in the weekly 
collections were examined by Mr. N. K. Bigelow, tempo- 
rary scientific assistant, and the following data on the 
food have been compiled from the detailed notes supplied 
by him. Table No. 2 gives the total number of fish ex- 
amined, the size ranges for each pond and the percentages 
in which the various food items occur. 

Referring to the foregoing table, it will be noted that 
by far the greater part of the food of the fish in Pond 1 E 
was composed of insect larvae, fully 74 per cent consisting 
of these forms. Chironomus larvae was the most impor- 
tant item of food, 55.9 per cent of the total food taken 
consisting of these forms. Ephemerida larvae were 
taken in less numbers, making up 9.4 per cent of the food. 
Collections of the various forms in the pond made by 
George B. Lay, temporary scientific aid, revealed the 
presence in considerable numbers of both Chironomus 
and Hphmerida larvae. Thus it would seem that the ex- 
ceedingly larger number of Chironomus larvae was 
taken more from choice than the fact that the Ephmerida 
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larvae were not available. The fact that such a large per 
cent (17.9) of ooze, or silt and debris, was taken is very 
interesting and brings up the question whether it was 
taken by selection, or incidently with the other items. 
The first appearance of the ooze was noted in the fishes 
taken August 12, a total absence having occurred in the 
two previous collections. 


With few exceptions the food taken by the fish in Pond 
4 E was very similar in kind and amount to that obtained 
rhe ial OP 

In Pond 9 D, also, the greater part of the food taken 
by the fish consisted of insect larvae, but in this pond 
the Ephmerida larvae made up the largest single item, 
forming 34.5 per cent of the total food taken. This is a 
striking difference as compared with the much lower per- 
centages of these forms in the fishes from the other two 
ponds. Collections of the animal life in the pond re- 
vealed the fact that Ephmerida larvae were quite abun- 
dant and Chironomus larvae much less so. The fact that 
Chironomus larvae made up 28 per cent of the food of the 
fishes in a pond in which they occurred in much less num- 
bers than the Ephmerida larvae which made up 34.5 per 
cent of the food, would seem to indicate that, when ob- 
tainable, Chironomids are the favorite food. The large per 
centage (7.8) of filamentous algae taken in the food of 
fishes from this pond, is no doubt accounted for by its 
great abundance in this pond, and its almost complete ab- 
sence in the other two ponds. Though considerable algae 
would undoubtedly be taken incidentally with the other 
items of food, there is perhaps little doubt that it is di- 
rectly taken to some extent by the fish as food. Dragon- 
fly larvae made up 3.5 per cent of the food in this pond, 
while they were merely represented in the food of fishes 
from Ponds 1 and 4 E. 

Briefly comparing the food taken by the fish in the 
three ponds, it will be noted that the food of the fishes 
from Pond 9 D differed from that of the other fishes, 
principally in the larger amount of H'phmerida larvae 
taken, with corresponding decrease in Chironomus lar- 
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vae; and in the greater amount of Hntomostraca, algae, 
and Odonata larvae. The collections of animal forms 
from the ponds indicate that the fish were feeding with 
but little discrimination on the available food, the per- 
centages of the various forms in the food taken by the 
fishes in each pond being a very good index as to their 
abundance in that particular pond. 

The experiments with the catfish are being continued 
and it is hoped to carry them to completion. 


A SECOND GENERATION OF ARTIFI- 
CIALLY REARED FRESH-WATER 
MUSSELS* 


By Dr. A. D. HOWARD, Fairport, Iowa. 


At the annual meeting of this Society in 1914, I pre- 
sented the results} of a method devised for rearing early 
stages of fresh-water pearl mussels. Subsequent re- 
sults indicate that the method with modifications is 
equally favorable for later stages in the life history. The 
means employed was a floating crate containing baskets 
of sufficient size to hold the infected fish and made of 
small enough mesh to retain the microscopic mussels as 
they escaped from their hosts. 

The crate, supported by floats, was placed in the river 
(the Mississippi) in a good current. A crate thus held 
at the surface, in addition to other advantages, accommo- 
dates itself to any rise or fall of the river, is convenient 
of access, and removes the young mussel from many ene- 
mies on the bottom. 

For the early stages, the baskets consisted of a frame- 
work of galvanized iron or wood, attached to a base of 
the same material. On the frame was stretched copper 
cloth of one hundred mesh to the inch. As the mussels 
increased in size, it seemed desirable to use netting of 
larger mesh for the baskets in order to permit a freer 
circulation of water. 

At the end of the first season, period of growth 5 
months, the maximum growth was a length of 32 mm., 
an average of 25.5 mm. which far exceeded the highest 
previous record for growth under observation, viz. that 
by Herbers, who obtained a growth of 3.13 mm. in Ano- 





*Contributions from the U. S. F. Biological Station, Fairport, Iowa. 
Published by permission of Commissioner of Fisheries. 


+Howard, A. D., 1914. A New Record in Rearing Freshwater Pearl 
Mussels. Trans. American Fisheries Soc., December, 1914. 
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donta cellensis, Schrot, while conducting studies on the 
embryology of that mussell.++ 

The results in growth indicate that the method pro- 
vides a close approach to a natural environment and thus 
furnishes a means of readily following the life history. 
In this way we have been able to determine features that 
were not accurately known before. 

It is not my purpose here to take these up in detail but 
we may indicate the events and their chronology up to 
the second generation which may be considered a com- 
pletion of the life cycle. Glochidia were taken May 21st 
from the Lake Pepin mucket, Lampsilis luteola Lamarck, 
and fish infected with them on this'date. The parasitic 
period lasted for 18 to 20 days or until June 9th, The 
extensive and remarkable changes of this stage take place 
in an even shorter time under some conditions. In this 
species the mussel makes no increase in size during meta- 
morphosis. Thus at the beginning of free life, it is very 
small and becomes easily a prey to numerous enemies. 
This period, therefore, is critical in the life of the mussel, 
perhaps as much so as that of the larva. 

The period of development succeeding metamorphosis 
from the beginning of free life up to the attainment of 
the adult condition comprises what is called the juvenile 
stage. The shell of juveniles, up to the second month, has 
two features that are characteristic of this early period. 
In consistency, it is like horn, being transparent and less 
hard than later when it becomes calcareous. The surface 
is usually uneven owing to a series of regular and rela- 
tively high undulations, knobs, etc., which are character- 
istic for each species. These are designated as ‘‘Um- 
bonal sculptures” by conchologists in describing the adult 
mussel, in which they are not infrequently found well 
preserved. Another structure to which I wish to eall 
attention is the byssus, an organ that is characteristic of 
the juvenile stage in certain groups of fresh-water mus- 
sels. It consists of a hyaline thread produced by the 





+Herbers, Karl: 1913, Entwicklungsgeschichte von Anodonta cellensis 
Schrot. Zeitschrift, Wiss. Zool. Bd. 108 Heft. 1. 








Fics. 1 AND 2. 
in nature. 
parts of the mussel. 


tion of the outer gill in which the young are carried from the egg to the 
glochidial stage. Photograph natural size; by the author. 


An adult and gravid female (Lampsilis luteola Lam.) grown 
The right shell and mantle were removed to expose the soft 
At M may be seen the marsupium a modified por- 


Fics. 3,4 AND 5. Mussels of the same species as in Fig. 1, reared under con- 
trol in a crate, from glochidia metamorphosed on artificially infected fish. 
The mussels are in their first, second and third years, respectively. 
Photograph natural size; by J. B. Southall and the author. Fig. 3. isa 


gravid female at the age of first breeding two years and sixty-seven days 
after metamorphosis. 
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byssus-gland located on the ventral and posterior median 
edge of the foot. I have observed this thread in mussels 
under 3 mm. and it was found as late as the end of the 
first year in this culture. A month later no further trace 
of it could be found. 

During the second year, noticeable features were the 
rapid growth and the appearance of sexual differentia- 
tion in secondary sexual characters. Modifications of the 
gills to form the marsupium appeared in the female to- 
gether with the corresponding fullness of the shell over 
that organ. For growth the maximum length of shell 
observed was 62.8 mm. (about 21% inches) nearly double 
that of the first season (32 mm.) measured in November. 
To test the commercial value of shells at this age buttons 
were cut from a few. A 16 line button, 2 lines thick, was 
produced. This is rather too thin for commercial pur- 
poses but it shows that a growth of two years is quite 
appreciable. 

The middle of August of this year, the third summer, 
the first gravid mussels were found. This, the first ob- 
served breeding date, was two years, two months, and 24 
days from the date of implantation of the larval mussel 
upon the fish. All females, as far as examined, were 
found to be gravid; these were picked up at random from 
the crate so the indications are that breeding is general 
at this age. The glochidia were mature in some individu- 
als on August 14th and near maturity in others, which 
from the date of the last observation would fix the time 
of ovulation as July. Mature glochidia from these mus- 
sels were taken and an implantation obtained on a 
number of fish. The first free juveniles after metamor- 
phosis were obtained in ten days, others remained as late 
as the 18th day, a rather long period of shedding. The 
juveniles secured represent the second generation of 
mussels, but the life cycle was completed when glochidia 
were mature, as that was the stage with which the ex- 
periment began. 

A comparison was made of a crate-grown shell with 
one grown in nature. In these two mussels of the same 
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linear dimensions, the same sex, and all marks indicating 
them to be of the same age, the advantage of weight was 
with the artificially reared shell. This is a limited com- 
parison, but as neither of the shells was selected, it is 
good so far as it goes. The thriving condition of the 
mussels is an index of the value of the method. I know of 
no other plan yet devised that gives as favorable results. 
For experimental purposes, pear! culture, or for even the 
commercial production of mother-of-pearl, the method 
seems to offer exceptional possibilities. 


AN ARTIFICIAL INFECTION WITH GLO- 
CHIDIA ON THE RIVER HERRING* 


By Dr. A. D. HOWARD, Fairport, Iowa. 


The River Herring, Pomolobus chrysochloris Raf., was 
one of the first fish recognized as a restricted carrier 
(Surber, 1918, Howard, 1912, 1914a, 1914b) of a given 
species of mussel. During three summers or more pre- 
vious to 1912, experiments were carried on by the U. 
S. Bureau of Fisheries to determine some method for 
propagating the Quadrula mussels and particularly the 
niggerhead, Quadrula ebenus Lea, considered the best of 
the group for commercial purposes. In this case, unlike 
some other mussels that had been tested, a persistent im- 
plantation of glochidia could not be obtained upon those 
species of fish usually employed for propagation. A sys- 
tematic search was instituted to find if possible a natural 
host. The discovery, on the river herring, of a natural 
infection by glochidia of the niggerhead mussel (Surber, 
1913) seemed to solve this particular problem. 

After the finding of the parasitic relation between this 
species of fish and mussel, attempts were made to obtain 
artificial infections. It was planned to transport the fish 
to an artificial pond and there to hold them after infec- 
tion, until the glochidia should develop. Entirely nega- 
tive results were reported owing to the immediate death 
of the fish at the time of capture. 

This sudden dying of the fish has been ascribed to vari- 
ous causes. The first of these to come to mind would be 
lack of oxygen, as the fish is very active and has relative- 
ly large gills, in a small body of water it must soon ex- 





*Contribution from the U. S. F. Biological Laboratory, Fairport, 
Iowa. Published by permission of Commissioner of Fisheries. 

Acknowledgements are due: Messrs. A. F. Shira and Mr. H. L. Can- 
field for helpful suggestions and assistance; to Mr. W. F. Teachout and 
crew for their efficient conduct of operations; to Mr. Zack Nyhart of 
Lake City, Minn., for courtesies extended. 
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haust the oxygen supply. Related to this would be an un- 
usual sensitiveness to carbon dioxide or other products 
of respiration. Another cause suggested is the purely 
nervous reaction of fright with its consequences which 
seems to cause almost instant death with some species of 
fish. 

In a discussion of the problem of artificial infection 
(Howard, 1914) the writer suggested a method for car- 
rying out the experiment. This was to hold the fish in 
a pound net made of a seine in waters favorable to the de- 
velopment of the mussel, infecting without removal from 
the water if necessary. Last year the opportunity 
came for trying out this plan. On the proposal of 
Mr. Shira, Director of the Biological Station, Fair- 
port, Iowa, the writer, in company with Mr. H. L. 
Canfield, Superintendent of Fish Culture, went to Lake 
Pepin where a few of the herring were being taken in 
connection with the propagation of mussels carried on in 
this lake by the U. S. Bureau of Fisheries. The following 
plan was carried out: A fish-pound was constructed at a 
protected place in the lake, as near as practicable to the 
point where the fish were to be taken in order to reduce 
the carry to a minimum. The lake is a widening out of 
the Mississippi River but has the characteristics of a true 
lake. The length is 25 miles, the maximum width, 21% 
miles. No river-current is perceptible and the water 
reaches a maximum depth of 56 feet. As the fishing oper- 
ations are carried on at one of the wider places, it was 
necessary to select a protected site for the pound where 
the fish and any mussels shed from them would escape 
wave action. A fortunate location was found convenient 
to the seining beach and near the head of a bay where 
the only wave action possible was from directly across 
the lake, a quarter from which rough water can scarcely 
develop to an injurious extent. The pound was construct- 
ed by fastening a 300-foot seine to stakes driven into 
the bottom. A depth of 4 to 6 feet met the requirements 
in most respects and consequently the difficulties of con- 
struction for greater depths were avoided. 
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At the time I visited Lake Pepin, August 5th to 
Sth, herring were being taken each day, averaging 
only about a dozen per day. Wagner in his report on ob- 
servations made in 1904 upon the fishes of Lake Pepin 
(Wagner, 1908) calls this species exceedingly abundant 
at that time. My Nyhart told me that he had not seen 
many for over five years. They are of no known com- 
mercial value, so ordinarily are allowed to escape. 

The method of capture was somewhat unusual. Mr. 
Zack Nyhart operates here a three thousand foot seine 
of large, (3 inch) mesh in which the principal catch 
seemed to be buffalo-fish, German carp, pickerel, paddle- 
fish, and sheepshead. As the large seine approaches the 
shore the “propagation crew” of the Bureau of Fisheries 
extends a 200-yard seine around it, thus capturing a 
number of game fish which escape through the large net 
when the area enclosed becomes restricted. Ordinarily 
the U. S. Fisheries crew hold their catch impounded tem- 
porarily in their seine and infect the fish in lots appropri- 
ate to the size of their infecting tank, a container of gal- 
vanized steel with a capacity of 334 barrels. 

For this experiment the herring were transferred by 
hand or dip-net to the tank and taken, with the least pos- 
sible delay, in a gasoline launch to the pound. During 
this run, which took 5 minutes, infection was carried on, 
the glochidia having been put into the tank prior to the 
introduction of the fish. In the first attempted infection 
and transfer, all the fish, thirteen in number, were trans- 
ported at one time. As it required several minutes to 
separate the herring from the other fish, those first in- 
troduced were subjected to a much longer confinement 
than the last. In this case out of 13 carried, only 4 were 
alive at the end of the run. In the second attempt a total 
of 14 were carried in three trips instead of one, with 
much better results, the total mortality being only 4. 
In all the runs the tank was kept covered, on the 
suggestion of Mr. Canfield, to keep out the light and to 
reduce the factor of fright. I have not, myself, had an 
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opportunity to determine experimentally to what extent 
this precaution affects the result. 

With the herring were infected a few mooneyes, Hio- 
don tergisus, Le Sueur. Both species seemed to take the 
infection but subsequent examination showed that the 
glochidia were retained by the herring only. Although a 
sensitive fish, the mooneyes stood the transportation 
much better than the herring. 

The success of the simple method which we followed 
was greater than anticipated. I had expected, in case it 
failed, to try a live car and even an anaesthetic for the 
fish during the infection. 

The glochidia used in the experiment were obtained 
from mussels shipped by mail from Fairport, Iowa. Of 
three shipments, two coming in cool weather were in fair 
condition, the third in warmer weather was spoiled. In 
this experiment the long shipment (time of transit 
14 hours) was made for reasons of immediate con- 
venience, a much nearer source of supply might have 
been found, as the niggerhead mussel occurs in con- 
siderable numbers in the river just below the outlet 
of the lake. I found Q. ebenus in shell piles well up the 
lake, but it is apparently quite rare. Its presence, how- 
ever, in a natural state, indicated that the conditions were 
such that the attempt to rear it experimentally in the 
lake would be feasible. 

Upon completing the infection, Mr. Teachout, foreman 
of the crew, was left in charge of the fish in the pound. 
In accordance with instructions, at stated intervals, he 
killed fish and forwarded the gills for examination. 
Three shipments were made, the last being ten days af- 
ter the last infection. Each lot showed the infection and 
the latest showed considerable development of the young 
mussels. In these, when prepared for microscopic exam- 
ination, the following organs, liver, adductors, foot, and 
gill-papillae, were visible. 

Gills of the fish killed immediately after the infection 
show the manner of attachment and cyst formation 
which are somewhat peculiar. In Pomolobus, we have 
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unusually wide lamellae on the gill-filaments. The 
glochidium in clamping upon these, will include usually 
four or more lamellae within the bite of its valves. Thus 
several lamellae will be enclosed in a cyst which is for 
the most part a solid mass of cells. Sometimes the space 
between lamellae persists proximally within the other- 
wise homogeneous and solid cyst. Such spaces would ex- 
plain the phenomena which Surber (Surber, 1913, p. 
111) called ‘migration of the glochidium,” and further 
described as follows, ‘“‘Simple, hollow, globular areas, sug- 
gesting small tumors, unmistakably the former abode of 
some young mussel.” The same globular areas are to be 
seen in the herring, in infections by glochidia of the Ele- 
phant-ear mussel, Hlliptio crassidens (Ort.). The more 
simple explanation which we have offered seems to be 
supported by the appearances in many cases and to make 
necessary the theory of migration which is unknown for 
larval mussels on other fish. 


Hight days after the last shipment of gills from the 
impounded fish, a report was received that the remaining 
Pomolobus had escaped. This unfortunate occurrence 
prevented the determination of the full period of para- 
sitism. The writer has determined that this period is 
the same for three different species of mussel, (Lampsilis 
ligamentina, L. luteola, and L. anodontoides) under like 
conditions. (Howard, 1914b). The period was 20-21 
days (May 22 to June 10 and 11)—that is, the three 
were carried parallel through the metamorphosis, having 
the same date of infection and being held in the same 
pond. To that extent, conditions were similar. The one 
factor varied was the use of different hosts. This sum- 
mer I observed a short period of 7 days for Quadrula 
plicata, but at the average high temperature of 90° F. 
(32° C.). I have seen indications of a difference in the 
parasitic period for widely separated species but know 
of no demonstration of it. The amount of development 
during the ten to twelve days of observations in the pres- 
ent experiment, indicates that the period of metamorpho- 
sis in Quadrula ebenus corresponds rather closely with 
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that of other species that have been investigated. The 
shortest periods observed are seven days for a summer- 
breeder and 10 days for a winter-breeder, the young 
juveniles being recovered in each case. 


In four shipments of gills from the mooneyes, no infec- 
tions were found. It was hoped that this abundant and 
more easily handled fish would prove favorable, but like 
other species tested with one exception, the glochidia 
were dropped under 3 days. The other fish that have 
been tested are, the Sand Sturgeon, S. platorhynchus; 
Dogfish, A. calva; Spotted cat, J. punctatus; Bullhead, 
A. nebulosus and A. melas; Yellow cat, L. olivaris; White 
Crappie, P. annularis; Black Crappie, P. sparoides; 
Blue Spotted Sunfish, L. cyanellus; Bluegill, L. pallidus; 
Large Mouthed Black Bass, M. salmoides; Yellow Perch, 
P. flavescens; Sheepshead, A. grunniens. The exception 
referred to was the Gizzard Shad, Dorosoma cepedianum, 
Le Sueur, which gave some indications of being favor- 
able. The results being inconclusive, however, demand 
further trial. But even should it be found to carry the 
mussel, the protection afforded by the very fine gill- 
rakers render infection impracticable by the ordinary 
method. 


Summary of Results and Discussion. 


The results substantiate the findings in natural infec- 
tions, viz. that the herring is a carrier of the nigger-head 
mussel. 


The Mooneye, Hiodon tergisus Le Sueur, gave nega- 
tive results as reported for a considerable number of 
other species when tested with the glochidia of the nig- 
gerhead mussel. 

The possibility of artificially infecting the herring was 
demonstrated, as well as a method for holding it in cap- 
tivity. 

The parasitic period of Quadrula ebenus, under the 
conditions prevailing at the time of the experiment, was 
shown to be more than ten days, but the amount of de- 
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velopment in this time indicates that the period of meta- 
morphosis is not of exceptional length. 

The clear globular cysts observed in infections on the 
herring are due to structural peculiarities of the gill, 
modified by cyst formation, rather than to migration of 
the parasite. 

Taking into account the present scarcity of the River- 
Herring in rivers where it was formerly abundant, it 
would seem practicable only to attempt propagation 
where fish and mussel are abundant. This and other con- 
siderations would warrant a reiteration of the views 
advanced by the author in 1913 (Howard, 1914a). “The 
remarkably full infection of this species in nature indi- 
cates that under natural conditions propagation of the 
mussel will take care of itself. Thus recommendation 
of measures for preventing the extermination of the nig- 
gerhead mussel would be along the line of protection of 
the herring as the host fish. The cause for the increasing 
scarcity of the herring seems not to be due to capture in 
large numbers as the fish is not commonly used for food 
throughout its range. It is more probable that it is due 
to artificial conditions, such as the obstruction of its nat- 
ural migrations by dams, and the introduction into the 
rivers of injurious wastes from manufacturing plants, 
ete.” 

Without a more exact knowledge of its present status, 
we can not say how far these things affect this species. 
We must look with interest for studies upon the occur- 
ence of this fish, its migration and breeding; in fact, a 
knowledge of its whole natural history is required, for 
though not itself esteemed, on it depends the niggerhead 
mussel and the welfare of an important industry. 
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THE TOP MINNOW, (GAMBUSIA 
AFFINIS) 


By HE. N. CARTER, 
Superintendent, U. S. Fisheries Station, Bullochville, Ga. 


The range of this species of top minnow, Gambusia af- 
finis, as given in Economic Circular No. 17, of the U. 8. 
Bureau of Fisheries by Mr. Lewis Radcliffe, is from 
New Jersey to Florida on the east, from Illinois to Louis- 
iana on the west and thence to the rivers of Texas and 
Mexico. In size they are from an inch to an inch and a 
quarter in the males and from an inch and a half to two 
inches and a half in the females. The adult male is dis- 
tinguished from the female by the long bayonet-like anal 
fin of the former. 


They seem to prefer the shallower waters and when ob- 
served are always in motion, swimming hither and thith- 
er among the grass and weeds which line the edges of 
the ponds or streams. They are not so graceful as the 
young bass or sunfish. The constant motion makes their 
swimming seem almost laboricus, as though impelled by a 
force over which they have no control. Their small 
bodies are like animated steel springs and they flip from 
the net or seine in which they are taken as if snapped 
from beneath with one’s finger. Yet with all their won- 
cerful activity and their ability to survive under the most 
trying circumstances, they are frail and will stand little 
handling. Hands off and they will live in cold, spring 
water and in small pools of very warm water, such as 
are formed by boot tracks in the soft mud of a pond that 
has been drained the previous day and left exposed to the 
sun. 


In his waking hours Gambusia affinis is a constant 
searcher for food, a habit which makes this insignificant 
ereature a blessing to mankind, at least to that portion 
of mankind unfortunate enough to dwell where the mos- 
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quito thrives. No sensible, self respecting Culex or Ano- 
pheles, would lay her eggs where this mighty little de- 
stroyer swims. The wiggler is the choicest tid bit of the 
top minnow and the federal authorities have wisely 
chosen him as an exterminator, within his range, of this 
universal pest which is a menace to health and happiness. 

In the U. 8. Department of Agriculture Bulletin No. 
25, Dr. L. O. Howard says “‘the most satisfactory ways 
of fighting mosquitos are those which result in the de- 
struction of larvae or the abolition of their breeding 
places. The three main preventive measures are the 
draining of breeding places, the introduction of small 
fish into fishless breeding places and the treatment of 
such pools with kerosene.” Of the three methods sug- 
gested by Dr. Howard, let me recommend the top min- 
now, or similar fish, because it is always on the job and 
it is so easy to put off spraying with kerosene until pain- 
fully reminded that it is too late. 

At the Cold Spring, Georgia, Station of the U. S. Bu- 
reau of Fisheries, this top minnow is propagated, or 
rather progagates itself, in the sunfish ponds. These 
ponds, six in number, covering an area of several acres, 
are located four miles from the home station and are ad- 
mirably situated for the convenience of mosquitoes. Yet 
the custodian of this station reports that during the en- 
tire summer he was never bothered with mosquitoes 
while working about these ponds. I am sorry I can not 
say as much for the home station. Here some 200 wild, 
adult large mouth bass were introduced into the breed- 
ing ponds the past spring and, as they were not used to 
being fed, refused the chopped mullet thrown to them 
and promptly devoured the top minnows that heretofore 
had been quite plentiful. The result was a multiplication 
of mosquitoes. 

Gambusia affinis was not native to the waters in the 
vicinity of the Cold Spring Station prior to about 1906. 
In that year, under the direction of a former superintend- 
ent, Mr. J. J. Stranahan, one can of about 200 top min- 
nows was brought to the station from a lake near Colum- 
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bus, Georgia, forty miles distant, and from the Fisheries 
Station, during the years following, this little fish was in- 
troduced into nearby waters and now it is found in prac- 
tically all of the ponds and streams in that vicinity. 

The subject of my paper is viviparous (that is, it gives 
birth to its young, instead of depositing eggs as do al- 
most all other fishes) and I have taken from the little 
bodies of the females from six to thirty young minnows. 
These females were from an inch and a quarter to two 
inches long. 

In the early stages of its development the unborn young 
is enclosed in a sac or shell 3/32 of an inch in diameter. 
At birth the young fish is from 3/16 to 1% inch in length 
and at that time it becomes at once a free swimmer. 

I do not know the exact duration of their period of re- 
production, but from their earliest activity in the station 
ponds, about the first of March, the females contain well 
developed eggs and on October 15th, I found 24 young, in 
the egg stage, in a specimen two and one-fourth inches 
long. 

When putting up bass and sunfish fingerlings for dis- 
tribution, a few top minnows usually find their way into 
the cans with the other fish. These cans are placed under 
small jets of cold spring water over night to harden the 
fish in order that they may better stand shipment. The 
invariable report of messengers has been that the top 
minnows were very tender and that they died shortly af- 
ter leaving the station. Accordingly it was decided to 
conduct an experiment that would determine the proper 
method of handling them. 

The following is a memorandum submitted by Mr. G. 
H. Gill, fish culturist at the Cold Spring Station: “At 
2:30 P. M. 250 top minnows were counted into a ten gal- 
lon can half filled with water. The fish were counted 
from the rearing ponds at a temperature of 65 degrees 
into tempered spring water at 67 degrees. The fish 
were placed under running water, 62 degrees, for the 
night, a very small stream flowing into the can. At 9:00 
A. M. next day 30 dead fish were removed from the can 
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and the fish were allowed to stand for the remainder of 
the day, being bailed regularly. At 4:30 P. M. the fish 
were again placed under running water for the night. At 
9:00 A. M. next day 35 dead were remove dand the spring 
water then renewed in the can. At the same time another 
lot of top minnows, numbering 200, were counted into a 
ten-gallon can half-filled with water, obtained from the 
rearing pond, temperature of water 65 degrees, and these 
fish, together with those formerly experimented with, 
were allowed to stand for 24 hours without a change of 
water and were bailed twice during this time, the tem- 
perature varying eight degrees, from 65 to 73. At the 
expiration of this time lot No. 1 was examined and a 
majority of the fish were found dead. Lot No. 2 was ob- 
served to have incurred a loss of one top minnow. The 
following deductions were made from this experiment: 
That top minnows are very susceptible to a sudden lower- 
ing of temperature and that they can not adjust them- 
selves to such a change in a reasonable length of time, and 
that if they are to be transferred any distance or held for 
any length of time, the water from which these fish are 
seined should be used for the purpose. Also, that a rise in 
temperature does not affect the fish correspondingly.” In 
this test reported by Mr. Gill, I believe the mortality of 
the minnows was due more to the superaeration of the 
water than to the change of temperature. 


On Tuesday morning, October 10th, three ten-gallon 
cans of top minnows, of 200 each, were placed on the of- 
fice platform. One can received no attention; the water 
in the second can was aerated at intervals for the balance 
of the day; the temperature of the water in the third can 
was reduced from 67 to 55 degrees, the lowering of the 
temperature being accomplished slowly by adding pieces 
of ice. Tuesday night the three lots of fish were in good 
condition and were left standing for the night without 
any further attention. The following morning these 
three cans, without any change of water, formed part of 
a shipment of 15 cans of top minnows which I took from 
the Cold Spring station to Augusta, Ga. They were in 


Carter.—The Top Minnow 105 


transit from 7:50 A. M. to 5:30 P. M., were aerated only 
once, and this was not necessary, and they arrived in Au- 
gusta in good condition and with no loss. Of course the 
motion of the train carried a good deal of air into the 
cans. 

At the time the three cans of fish, mentioned above, 
were put up, J placed about 25 top minnows in a white- 
fish jar containing a gallon and a half of water. Here 
they remained on my desk from Tuesday morning, with- 
out any change of water, until the following Saturday 
afternoon with a loss of half a dozen fish, only. When 
the fish were returned to the pond the water in the jar 
was foul, discolored and ill smelling and yet the minnows 
were apparently none the worse for wear after their 96 
hours confinement in this small space. 

Not among the least of the many new activities of the 
Bureau of Fisheries under the direction of Commissioner 
Smith, is the propagation and distribution into infested 
waters of the mosquito destroying fishes and I believe 
that great good will come from this practice when the 
fact that the Bureau is prepared to supply such fish is 
better known. 


BASS REARING IN TEXAS 
By Mark Riley, San Marcos, Texas. 


The output of bass from the San Marcos Station dur- 
ing each of the past four years, while exceeding that of 
any previous year by many thousands, has not been en- 
tirely satisfactory to its superintendent. Many letters of 
commendation relative to our work have been received 
and the Bureau of Fisheries has been particularly appre- 
ciative, yet, while such commendation is gratifying, the 
fact remains that we know so little relative to the natural 
propagation of fishes that the results of our well-meant 
efforts too often prove fruitless. Pond culture has many 
vexing problems and no doubt a solution that will apply 
on one station may prove useless on another. Had the 
privilege of attending a meeting of superintendents each 
year been possible, I am confident that the results accom- 
plished from applied information there obtained would 
have well recompensed the Government for the slight ex- 
pense so contracted, for one who can not acquire valuable 
ideas from associates engaged in the same line of work 
and utilize them for his own particular needs, in my 
opinion, falls far short of getting the best possible re- 
sults from the station over which he has supervision. 

The greater part of our work at the San Marcos 
Station is with the large-mouth black bass, the small- 
mouth being unknown in the state to the best of my 
knowledge. Our methods are practically those employed 
at other pond cultural stations, judging from the infor- 
mation that I have been able to gather, for as yet I have 
never had the pleasure of visiting other stations and ob- 
serving for myself the work of my associates. It is well 
known that different people have different ways of doing 
the same thing, so a short description of our work may 
result in some criticism or suggestion that will be of 
benefit to the station at San Marcos, in which event I 
will be well repaid. 
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Just at this time of the year, unless the weather should 
be unusually warm, our ponds are being cleared of the 
rank vegetation that covers them. First a large space is 
cleared in front of the outlet. Then the employees with 
scythes and rakes commence on the outer edges of a pond 
and cut and pile all moss and weeds, following the water 
which is slowly drawn from the pond. As the fish enter 
the cleared place in front of the outlet, they are from 
time to time taken from the pond with a seine, assorted, 
the young placed in pools for distribution and the brood 
fish held temporarily in another pond during the time the 
pond is being cleaned and dried out for the next season’s 
work. At the last the few remaining fish are carefully 
picked up with a dip net. Selecting a cool day, we have 
no loss in so drawing a pond and the fish are taken there- 
from in good condition. Should there be bass that are 
very thin and plainly showing that they will not spawn 
during the coming year they are liberated in the San 
Marcos River which forms our eastern boundary. Just 
as soon as the bottoms of the ponds will support a wagon 
the piles of moss are removed and carted away. Should 
rains interfere with the drying it is sometimes necessary 
to carry the moss to the banks with forks. After the bot- 
toms of the ponds are dry they are scraped and the sedi- 
ment also removed. We have had very good success, both 
last year and that preceding in using the road grader of 
the city for that purpose, six mules drawing the grader 
and the man at the wheel shaping the bottom evenly and 
with rapidity, the sediment being thrown in rows con- 
venient for shoveling into a wagon. 

The pond cleaned, it is ready for the nests of gravel, all 
large stones having been removed from the same. These 
nests are placed about 20 feet apart and ten feet or so 
from the banks, with a number in the center of the pond 
where the water is shallow. Screens are placed on in- 
let and outlet and the pond is filled with water. All of 
our bass ponds at the present time are filled by pumping 
from the San Marcos River, the two pumps being run 
by gasoline engines. Those of you who know the engine 
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of many moods will sympathize with me, and if there are 
stations where power other than gasoline is used, their 
superintendents have missed much that would have had a 
tendency to add to their vocabulary of forceful English. 
However the tender heart of our Assistant in Charge has 
been touched by my lamentations and I have reason to 
hope that our station will scon receive a better supply 
cf water more economically in the near future. 


The brood fish are carefully selected from our stock, 
an effort being made to get three females to every male, 
but unless the fish are well developed there is more or less 
uncertainty in the selection and very often the percentage 
of females is a little greater. Of course our station, being 
so far south, has an early season and we have fish spawn- 
ing in February and March and, as a matter of fact, some 
bass can be found spawning every month of the year. It 
may be that here the bass spawn more than once each 
year or possibly all eggs are not thrown off at one time. 


Usually we commence our distribution about the first 
of April, sometimes a little earlier, depending of course 
upon water and air conditions. Sudden drops in temper- 
ature cause us much trouble and frequently considerable 
loss of fish in the fry stage. These sudden changes at 
San Marcos will cause the bass to leave the nest, the sud- 
den change kills the eggs and the anticipated large school 
of fry proves a minus quantity. This catastrophe I try 
to avoid by pumping the warm water of the San Marcos 
into the ponds and so raising the temperature. Our 
river has its source near the hatchery where it bursts 
forth in springs from beneath the hills and has a uniform 
temperature of about seventy-three degrees. A number 
of times when the approaching “norther’” has given 
warning, I have been able to guard against losses in this 
manner. 

As soon as a school of fry is noticed, it is kept under 
close observation and, when reaching the size of No. 1 
fingerlings, is taken from the pond with a bobbinet seine, 
placed in a tub, carried to our retaining apparatus, 
counted into buckets of water and carefully poured into 
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the cans, which have been previously filled about half 
full of water. A circular piece of screen wire is placed 
on top and a jet of water turned on the can to run pend- 
ing shipment. This arrangement is rather crude and a 
little air mixer has been perfected which will probably 
be installed in the near future. At the San Marcos Sta- 
tion the fish are always counted from the tub to the buck- 
ets before placing in cans for shipment. Two or three 
men do the counting and another keeps the buckets filled 
with water and empties the fish into the cans. The small, 
square, aluminum-framed nets are used and each man 
has a block of wood one inch square, with ten holes bored 
on one side, a small peg fits these holes and when 100 is 
reached in counting the peg is moved forward one place 
so that the number may not be forgotten if the attention 
of the one counting is called to something else. The prac- 
tice of counting one bucket of fish and making others look 
like it has never been in use with us and while an actual 
count is slower than such an estimate, in my opinion, the 
actual count is more satisfactory. If a large output of 
statistics is desired I certainly recommend a practice 
other than that we employ. 


The largest school of young bass that we have ever 
caught was 32,000 No. 1 fingerlings. There is some 
doubt in my mind as to this number being hatched on 
one nest, but, being accompanied by a parent fish when 
caught, and there being no other brood fish near, it is 
possible that this great number came from a single nest, 
but it is unusual with us to have such large schools. It 
seems to me that some system of uniform counting should 
be adopted at the pond cultural stations and that we 
should rigidly adhere to the method. A great English 
writer is quoted as saying, there are lies, there are 
damned lies, and statistics, and possibly he could have 
gone a step further and added there are estimates. 


A recent report of an official said it was the purpose of 
the Bureau of Fisheries to deliver results and not statis- 
tics and I honestly think that no pains should be spared to 
make our output accurate. If there is a better way to 
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secure grealer accuracy than our present method I am 
ready to adopt it, after being convinced. I am quite sure 
that, with us, “estimating”? would not be so satisfactory 
to the applicant, for frequently I receive letters from those 
who have received fish telling me of the safe arrival and 
that a few more than stated in the allotment for which 
they signed the receipt. 


The railroads of Texas carry our fish as first class 
freight and handle the cans as baggage in the regular 
baggage cars. One attendant may accompany a shipment 
free and no shipment can exceed fifteen cans. The empty 
cans are returned free. These shipments are billed on 
regular Government bills of lading, shipped by the super- 
intendent and consigned to the accompanying messenger 
at place of delivery, the original bill of lading being ac- 
complished by the consignee at the place where fish are 
delivered to applicant. Where transfers can be made 
by messenger cheaper than charges made by railroads for 
the same service, the accompanying messenger pays this 
charge and takes up the same in his expense account. 
While possibly the method is more complex than that 
which obtains elsewhere, still, in the main, it is satisfac- 
tory, although increasing the clerical work of the station. 


During recent years the greater part of our distribu- 
tion work has been done by the station force, which it 
appears to me is more economical than detailing a car 
messenger or assigning a car for the work. The former 
plan we tried and the work was satisfactory, as we were 
fortunate in getting energetic, capable men. In one re- 
spect it is a disadvantage to have the work done by the 
station force. More temporary labor must be employed 
on the station if the men are on the road and the pay for 
the men so working comes from the station allotment, 
which in past years I have found falls short of what I 
would like for the maintenance of the station. However, 
should every superintendent have all the money that he 
desires, probably the Bureau of Fisheries would need an 
appropriation equal to that of the War Department. My 
experience has been that laborers on a station perform- 
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ing the work of messengers think, aud they have some 
grounds for the opinion, that if they do the work of mes- 
sengers they should receive the same salary as messen- 
gers. Previous to my appointment as superintendent, the 
laborers at San Marcos had done no work of distribution. 
They were ignorant of the methods of carrying fish, mak- 
ing out messenger, mileage, or other reports, as well as 
making out accounts against the Government. That is 
no longer the case, for at the present time every member 
of our force is familiar with all of the details of distribu- 
tion, with the railroads of the state and points of trans- 
fer, as well as being proficient in all clerical work re- 
quired of messengers, and in fact they are well qualified 
for positions as fish culturists on any station where the 
Bureau of Fisheries may require their services. 


PROPAGATION OF SMALL-MOUTH 
BLACK BASS 


By O. P. CUSHMAN, Mammoth Spring, Ark. 


Of all the fishes propagated in ponds none is more sus- 
ceptible to careful handling than the small-mouth black 
bass, and the fish culturist who knows the requisites for 
the successful propagation of this species may always be 
well rewarded for his efforts. 

Successful bass culutre looks to the production of the 
largest possible number of fry, and the securing from 
these fry of the greatest possible number of good sized 
fingerlings. 

These results can be guaranteed when favorable con- 
ditions exist in the water supply, the brood stock, the 
spawning pond and in the rearing pond. 


Water Supply 


The ideal water supply is spring water with a high 
temperature, strongly impregnated with lime, and that 
never becomes roily. Clear water insures a good yield of 
fry, while roily water means sure death to the eggs. It 
is believed that foul water has destroyed more bass egs 
than all other causes combined. The fertility of the eggs 
will be effected in proportion to the impurity of the 
water until all may be lost. 

The roiliness of the water in the spawning pond may 
be very misleading to the fish culturist. If the water is 
just a little muddy, and every nest produces some fry, 
there may be a heavy loss and the fish culturist fail to de- 
tect the cause, for the reason that every nest produces 
some fry. 

The act of setting the nests near the spawning time 
will reduce the yield of fry. Tramping over the pond 
bottom, setting the nests, and the water pouring into 
the pond over the fresh earth in filling up the pond, all 
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tend to leave the water more or less roily. For this rea- 
son the nests should be set long enough before spawning 
time for the water to become perfectly clear before 
spawning begins. 

High temperature in the water supply is desirable in 
case of a sudden drop in the air temperature to the ex- 
tent that it would lower the water temperature to the 
point where the adults may abandon the nests. If a 
large supply of water with a high temperature is turned 
into the spawning pond, its is possible to keep the tem- 
perature of the pond above the danger point. 


Brood Stock 


Good sized adults are preferred for breeders, as the 
size of the schools of fry will be in proportion to the 
size of the adults. Other things being equal, success 
will be marked in proportion to the size of the adults. 
All adults under one pound should be discarded. 


If native stock is to be collected for breeders, it is de- 
sirable that it be secured in the fall. The fish then be- 
come accustomed to their new environment before spawn- 
ing time and will produce more spawn than if collected 
in the spring. 

A good brood stock can be obtained by rearing young 
bass to adults on artificial food. With a brood stock 
thus reared, the food problem is solved and the breeders 
will always be in good shape at spawning time, which is 
a very important requisite for a good yield of fry. When 
young bass are to be reared for breeders, they may be 
taken from the pond when one or two inches long and 
placed in troughs or tanks where they can be taught to 
take artificial food. When they are about three inches 
long and are taking food well, they should be transferred 
to a small pond in order that they may have more range. 


These young bass will spawn when two years old, the 
average number of fry for each female being about five 
or six hundred the first year, the number increasing as 
the fish grow older and larger. 
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Much difficulty is experienced in getting adults cap- 
tured in their wild state to take artificial food, and there 
are always quite a number that never can be taught to 
take it. To meet this difficulty branch minnows should 
be collected and given them. 

Whatever the food may be, it must be given in amount 
sufficient to keep the fish in good condition, as good re- 
sults cannot be obtained with breeders that are poor or 
starved. 


Spawning Pond 


The spawning pond should be large enough to contain 
enough nests for all the adults. A pond containing an 
area of one, or one and one-fourth acres would be large 
enough for three of four hundred adults, which should 
produce sufficient fry for five or six rearing ponds each 
with an area of one acre. 

From one-half to two-thirds of this pond should have 
a depth of eighteen to twenty-four inches in which to set 
the nests, twenty-five or thirty nests to one hundred 
adults being about the right proportion. 

It is advisable for the following reasons to confine all 
adults in one pond. First, you get the benefit of all the 
males, whereas, if adults are divided and placed in sev- 
eral ponds there is likely to be a surplus of males in one 
pond and a deficiency in another. In the latter case there 
will be a loss of eggs through lack of fertlization. Sec- 
ond, by confining all the adults in one pond, the re- 
maining ponds will be available for rearing fingerlings. 
Third, the spawning season extends over a period of 
several weeks, which makes quite a difference in the size 
of the fry of the first and the last spawn. This makes 
it necessary to have separate ponds in which to place 
fry of different ages. 


Rearing Ponds 


The biggest problem in bass culture is the rearing of 
young bass to good sized fingerlings. This problem is 
solved in the rearing pond. The rearing pond is to the 
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efficient bass culturist what the clover field or pasture is 
to the successful stock raiser, and the efficient fish cul- 
turist looks to it as the key to ultimate success. With 
this object in view, the most important factor is an 
abundance of vegetation in the rearing pond. 

Next to the supply of clear water in the spawning pond 
the most important requisite in bass culture is the aquatic 
vegetation in the rearing pond, and its abundance. 
Though the pond should contain an abundance of food 
for the young bass, a deficiency in vegetation will lead 
them to prey upon each other in preference to taking 
such ideal food as gammarus, or fresh water shrimp. 
Aquatic vegetation not only makes this food available 
for the young bass, but it serves as a protection against 
cannibalism. 

These conditions being provided, when the fry are 
ready to be taken from the spawning pond, the rearing 
spond will be well suplied with such food as daphnia, or 
water flea, and as these become exhausted and the young 
bass require larger food, the gammarus or fresh water 
shrimp is available. 

In case the rearing pond should be over crowded with 
young bass, and the animal life may not be sufficient to 
rear all of them to good sized fingerlings, a good idea is 
to seine out part of them for distribution after they 
have reached the size of number one fingerlings, but good 
sized fingerlings are superior, as they are more able to 
take care of themselves, in escaping cannibalism of other 
fishes, and finding food. 

Summing up, if these requisites are maintained the fish 
culturist should not fail. 

Clear water in the spawning pond of proper minimum 
temperature and ingredients. 

Adults always well fed and in good condition. 

Spawning pond large enough to contain nests for all 
the adults. 

Enough rearing ponds so that fry of different ages 
may be placed in different ponds, and these ponds well 
supplied with aquatic vegetation. 


SOME OF THE LAWS AND METHODS 
FOR THE PROTECTION AND CONSER- 
VATION OF LOUISIANA’S FISH 


By E. A. TULIAN, Superintendent, State Fisheries De- 
partment, New Orleans, La. 


I believe that no state in the Union has been provided 
with better and more far-reaching laws, rules and regu- 
lations for the protection and conservation of its fishes 
than the State of Louisiana. Few equal ours in this re- 
spect. The matter of protecting and conserving the more 
valuable species of our fresh water fishes, has been given 
the greater share of attention up to the present time. 
However, our salt water fishes have not, by any means, 
been neglected in this particular. When considering what 
laws were necessary to obtain these results, the Depart- 
ment of Conservation, and its predecessors, have invaria- 
bly given most careful thought and study to the subject of 
accomplishing the maximum of good with a minumum 
loss to those dependent upon our fisheries resources for a 
livelihood. 


Under the laws creating the Department of Conser- 
vation, the Commissioner is authorized to adopt such 
needful rules and regulations, not in conflict with any of 
the provisions of our laws, as may be found necessary 
for the proper and intelligent administration of all the 
conservation laws of this state. 

One of the strongest features of our fish laws, from my 
point of view, is that which limits the kind of nets which 
may be used in our waters for the taking of the common 
commercial species of both fresh and salt water fish. 
This legalizes only two classes of nets, the common hoop- 
net, and a drag seine not exceeding a certain length, and 
manufactures of twine having a mesh of a certain size. 
It is not only unlawful to use trammel-nets, gill-nets, 
fyke-nets, etc., in our waters, but the law states that it 
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shall be unlawful for any person found within the boun- 
daries of Louisiana to have the same in his possession. It 
is contended by some, and probably rightly so, that tram- 
mel-nets are less destructive than drag seines to all the 
life found in our waters, if set in the open sea, or in large 
lakes. Our experience has been that if trammel-nets 
were allowed to be brought into the state they were in- 
variably used in bayous, streams and narrow bays, 
and set completely across them, thereby taking nearly 
every fish above a certain size that would be making its 
way either in or out of said bodies of water. The State 
of Louisiana has hundreds of miles of such waters, both 
fresh and salt, and it would certainly be very detrimental 
to its fisheries resources if trammel-nets could be used in 
these waters. 

Another admirable feature of our seining laws, pro- 
hibits the using of any seine over 900 ft. in length, and 
having not less than a six-inch stretched mesh, for taking 
any of the common commercial species of fresh water 
fish. Under this section of the law, no two or more 
seines may be joined together and used as one seine. 
The penalty for doing this, is the confiscation of the 
license and permit under which the owner of the seine 
is operating, in addition to the usual fine. Seines be- 
ing operating under our license and permit can only 
be used in certain permitted waters of the state where, 
in the opinion of the Commissioner, it can be shown the 
using of them is not detrimental to its interests. The 
license and permit under which any seine is being op- 
erated in certain waters, may be revoked whenever it is 
shown by fisheries experts that seining therein is detri- 
mental to the game fish resources of the state. 

Our law as regards hoop-nets is excellent, inasmuch as 
only plain hoop-nets; that is, those without leaders or 
wings, may be used in any of the waters of this state. 
Then again these may not be set in any one of our bay- 
ous, streams, or lagoons, which is less than forty yards 
in width at low water mark. 
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Louisiana has a most excellent close season law for the 
protection of its three most valuable commercial species 
of fresh-water fish. These seasons were fixed primarily to 
cover the greater portion of the spawning period of the 
paddle-fish, buffalo-fish and catfish respectively. It pro- 
hibits the taking of paddle-fish every year between the 
1st day of January and the 15th day of July; the taking 
of all species of buffalo-fish between the 15th day of Feb- 
ruary and the 15th day of April, and all fresh water cat- 
fish between the 15th day of May and 15th day of July. 
In the case of the paddle-fish, the close season extends 
some months beyond the time when the last of them have 
finished spawning. This was found advisable, however, as 
a precaution against a former practice of selling dressed 
catfish as paddle-fish during the catfish close season. Be- 
sides the exceptional high value and ever growing scarc- 
ity of this species were considered additional good rea- 
sons for the close season of six and one-half months of 
every year. A close season of only two months for the 
buffalo-fish and cat-fish each was fixed with the full real- 
ization that a considerable number of both species found 
in the southern portions of the state would have spawned 
before the close season had commenced, while a great 
many of those in the northern sections would not have 
finished by the end of the same. However, it was hoped, 
that the results attained by this somewhat shortened 
season would justify the belief that it was unnecessary 
to inflict a close season longer than two months, for each 
one of these species, upon those engaged in exploiting the 
commercial fresh water fish resources of Louisiana. 
Such appears to have been the case. 


Further protective measures, adopted to work in con- 
junction with our close seasons and other commercial 
fresh water fish laws, provide: 


1. If any species of fresh water catfish, or buffalo-fish, 
less than twelve inches in length are taken by any legal 
methods, they must be immediately returned to the 
waters from which taken without avoidable injury. 
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2. If any paddle-fish not containing roe suitable to be 
manufactured into caviar, are caught, the same must be 
liberated at once, and without unnecessary injury. 


3. All garfish taken, both large and small, must be 
killed, and all those that are thrown back into the water 
from whence taken, must be cut open along the entire 
length of the belly, if twelve inches or more in length. 


4. No seine operated in fresh water, may be hauled 
nearer than 100 ft. to the shores of any body of water in 
which it is being used. It is never to be hauled out upon 
any of the shores of such bodies when finishing a haul, 
but is to be pulled up under an apparatus usually called a 
“round up,” or some similar device, and it is to be landed 
into a boat, or upon a raft or some other floating device. 


5. It is illegal to splash or pound upon the water, or to 
pound upon a boat, the banks or any other object, for the 
purpose of driving fish into a seine or seines. 


6. All vegetation hauled out with a fresh-water fish 
seine must be carefullw removed from it, and immediate- 
ly put back into the water. The vegetation thus returned 
must be carefully scattered so that it will not sink in 
bunches to the bottom of any body of water. 


7. It is unlawful for any person or persons to muddy 
or “puddle” any waters for the purpose of taking fish 
therefrom. 


8. All intake pipes used for the purpose of drawing 
water for irrigating purposes must be adequately 
screened. 


9. No bayou, lagoon, lake, bay, river, or any other body 
of water may be obstructed by means of rack, screen, 
wire, or other device so as to prevent the free passage of 
fish. 


10. Our law is very severe upon those who may be con- 
victed of killing fish by means of dynamite or any other 
explosives, or who may throw into, or allow acids, lime, 
india berries, sawdust, green walnuts, walnut leaves or 
any other deleterious substances to run into the Gulf of 
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Mexico within the territory of jurisdiction of the State. 
The penalty for violation of any of the above only admits 
of a jail sentence of from five days to twelve months and 
the cost of the prosecution. The alternative of a fine is 
not provided for. 

In addition to the protection afforded them through the 
laws and regulations already mentioned in this paper, all 
fresh water game fish found in our state, such as black 
bass, crappie, white bass, yellow bass, and all other 
species of bass and sunfish are furthermore amply pro- 
tected. The main protection is afforded by the manner in 
which they may be taken, a limit to the number that may 
be taken in any one day by any one person, and the non- 
sale of the same. 

Our law declares that it is illegal to take, or have in 
possession for use, any of the heretofore mentioned game 
fish if taken by any other method except rod, hook and 
line, hand-line, or trolling-line. Not more than twenty- 
five bass or 100 sunfish may be taken by any one person 
in any one day, the take to be confined to the apparatus 
mentioned. All bass measuring less than eight inches in 
length that may be taken, must be returned at once to the 
waters from which taken and without unnecessary in- 
jury. None of the aforesaid game fish may be sold with- 
in the boundaries of Louisiana, no matter whether taken 
from within or without the state. 

Those fish found in privately owned lakes and ponds 
are the property of its owner, only if propagated and 
maintained in captivity. All fishes brought into private 
waters as the result of overflows from public waters, re- 
main the property of the state. 

Any body of public fresh water within our state may 
be set aside for an indefinite period by the head of the 
Department of Conservation for the purpose of provid- 
ing a natural propagating and rearing place for fish. 

The taking of any species of fresh water fish from any 
of the public waters may at any time be prohibited for a 
series of years not exceeding three, when it is deemed 
to be for the best interest of the state to do so. 
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Partly because it has not yet been deemed necessary 
to have them, and partly for the reason that the exact 
spawning season of each of the several more important 
species of salt- water fish has never been accurately de- 
termined, so far as our territory is concerned, Louisi- 
ana has no salt water fish close seasons. However, it is 
realized that the same will soon be necessary and investi- 
gations have been made from time to time with a view to 
locating their different spawning grounds within this 
state, as well as their spawning period. 

Net fishing for the taking of salt water fish, from 
waters within the territory of the jurisdiction of Louisi- 
ana, is limited to drag seines and hoop-nets; as is done in 
the case of fresh-water fish. There is no limit to the 
length of a seine which may be used for taking the for- 
mer. The cost of a license under which to fish for salt 
water fish with a seine is based, however, on the length 
of it. Hoop-nets must not have leaders or wings at- 
tached, and must not be set in any body of water less 
than forty yards in width at low water mark. 

It is illegal to take, or have in possession, any salt 
water fish less than eight inches in length other than 
bream, croakers, or sea perch. The law further pro- 
hibits any person, firm or corporation engaged in the 
salt water commercial fisheries, from buying any speicies 
of salt water fish measuring less than eight inches in 
length. 

Seines when being hauled for salt water shrimp often 
bring in large quantities of salt water fish. In that case, 
those that are found to be injured or dead may be re- 
tained, but those hauled out alive and uninjured must be 
liberated as the seine is brought out of the water. A 
great many fish are destroyed annually by shrimp seines 
as a majority of those hauled in with a fairly good catch 
of shrimp, are either found to be dead or badly injured. 
The larger proportion of such are usually left to be de- 
stroyed by birds and animals, especially the smaller fish 
which cannot well be used for food. There does not ap- 
pear to be any practical method of preventing this. A 
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lot of these fish are brought into our markets, but it is 
undoubtedly true that a great many of the small salt 
water fish found there, were not taken with shrimp 
seines. We need more stringent laws to govern this and 
a most rigid enforcement of them, if we would minimize 
this needless destruction. 

Matters relating to the shrimp and the diamond-back 
terrapin industries come under the jurisdiction of the 
Fisheries Department and we have also excellent laws 
for their protection and conservation. 
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EDITORIAL 


The Matter of Dues. The Acting Treasurer reports 
that a good many members of the Society seem to be in 
doubt as to the time when the annual membership fee 
falls due. According to a long established custom, dat- 
ing back apparently to the first meeting in 1870, this fee 
falls due at the time of the annual meeting and, on pay- 
ment, the member is entitled to all privileges at that 
meeting and up to the beginning of the succeeding an- 
nual meeting. Thus a member who paid his dues at the 
1915 meeting, or afterward when notified by the Treas- 
urer, would be entitled to all the privileges of member- 
ship up to, but not including, the 1916 meeting. At the 
time of the 1916 meeting the fee again fell due, as fees 
should be paid in advance to entitle members to receive 
the Transactions. This interpretation is based on the 
unanimous opinion expressed by a number of the past 
and present officers of the Society. 


It should be added that in case a member is elected 
after the annual meeting his membership dates back to 
that time, unless he expressly desires to begin with the 
next annual meeting, and he is entitled to any back num- 
bers of the Transactions included in the volume current 
at the time of his application. The misunderstanding 
evidently rests on the fact that the fiscal year of the 
Society does not correspond to the calendar year, but 
runs from one annual meeting to the next. 


Back Volumes of Transactions at Reduced Prices. 
At the last annual meeting of the Society it was decided 
to offer back volumes of the Transactions to members 
only, at half price. This action was taken for two rea- 
sons: First, to encourage the more recently elected mem- 
bers to increase their libraries on fisheries matters by 
the addition of volumes of the Transactions antedating 
their membership. Second, to increase to some extent 
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the immediate revenues of the Society and, at the same 
time, to help solve the problem of storage of these vol- 
umes. As there are in several cases as many as 200 
copies of these back volumes on hand and as series cov- 
ering a number of years can be supplied, it is hoped 
that numerous members will avail themselves of this 
opportunity. Until the Society sees fit to rescind this 
action the 1910 volume will be sold at $1.00 and all other 
volumes at $.75 to members only. 
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THE SENSES AND LEARNING IN FISHES* 


By JACOB REIGHARD. 


I. INTRODUCTION. 


I have often been asked whether fishes can smell or 
taste or hear, whether they distinguish colors and wheth- 
er they learn to keep out of nets or to avoid the hook. 
What workers in science have learned about these mat- 
ters has been publishd in many languages and in various 
technical journals and books so that much of it is not 
easily accessible. In view of the widespread interest it 
has seemed to me worth while to bring together what is 
known to put it in non-technical form and to let it be 
printed, so that all may have access to it. I shall not 
try to point out all the uses that may be made of this 
accumulated knowledge—but those who have to do with 
fish will, I trust, see that they may at any time have need 
of it. 

I shall speak of the senses and of learning in fish. 
But there are many kinds of fish, more than 12,000 in 
North America alone. They differ much in the structure 
of their sense organs, and probably much in capacity to 
use them and to learn. Very few kinds have been in- 
vestigated by scientific men. When, then, I say that fish 
do thus or so, it should be remembered that the state- 
ment is usually based on studies of one or two kinds 
only. That other kinds have the same capacity as those 
investigated is an assumption, more or less warranted. 
Those who wish to know what kinds of fish have been 
studied should consult the literature list (p. 166), re- 
ferred to throughout this paper by means of date num- 
erals following the names of authors. 





*Address of the President of the American Fisheries Society at the 
New Orleans’ meeting, October 18, 1916. 
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II. THE SENSES OF FISHES. 


The sense organs of animals are sometimes divided 
into two groups—surface receptors which take note of 
objects in contact with them and distance receptors 
which are affected only by vibrations or emanations from 
distant objects. Amongst fishes the organs of touch, 
temperature and taste are surface receptors while those 
of smell, hearing and sight are distance receptors. Be- 
sides these senses fishes have another not possessed by 
man and to be presently referred to. 


A. THE SENSES OF TOUCH AND TEMPERATURE need 
not long detain us, for we know but little about them 
in fish. Parker (1910b), has shown that when the salt 
water dogfish (Mustelus canis), is touched in particu- 
lar regions of the body there result corresponding move- 
ments of the fins or other parts. These are such as 
either to turn the animal away from the object touch- 
ing it or to brush away the irritation or to close the 
cloacal opening or the eye. The fish has therefore a 
sense of touch over the whole surface, and by means 
of it is able to locate with some accuracy objects that 
come into contact with it and to make the movements 
necessary to avoid injury from these objects. 

That fish are very sensitive to slight differences in the 
temperature of the water is known from the work of 
Shelford (1915). He arranged long troughs in which 
the water at the middle was of intermediate temperature, 
while it became gradually warmer toward one end and 
colder toward the other. Fishes were introduced into the 
middle of the trough and could then swim toward either 
end. Each kind showed preference for water of a cer- 
tain temperature and when, in swimming along the 
trough, it encountered water of different temperature it 
tended to turn back. By noting the point in the trough 
at which various fish turned Shelford found that a differ- 
ence in temperature of as little as five-tenths of a degree 
centigrade might cause the turning. He believes that 
fishes are sensitive to temperature differnces as little as 
two-tenths of a degree centigrade. Michael (1908), has 
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collected evidence to show that movements of schools of 
minnows in small inland lakes may be due to slight in- 
equalities in the temperature of the water. In this con- 
nection it may be suggested that the temperature of the 
water may have much to do with directing the move- 
ments of fishes to their spawning grounds. 


B. THE SENSES OF TASTE AND SMELL are best con- 
sidered together although the organ of the first is a sur- 
face receptor, that of the second a distance receptor. 
Yet both organs serve to make animals aware of chemi- 
cal differences in substances. 


In man substances must be taken into the mouth in 
order to be tasted. Liquids and the liquid parts of such 
things as meat then come into contact with the taste 
organs while solids reach these organs after being dis- 
solved by the fluids of the mouth. Whatever we taste is 
therefore in solution. From these things we get but four 
sensations of taste, sour, sweet, bitter and salt. So long 
as we are breathing through the nose the odors of food 
substances are carried from the back of the mouth by 
the outgoing breath and so enter the cavity of the nose 
at the back and affect the organ of smell. We then 
think that we are merely tasting what is in the mouth 
and we get the impression that our foods have more taste 
qualities than sour, salt, bitter and sweet. In reality 
we both taste and smell the food under these circum- 
stances. We perceive whatever taste qualities the food 
may have and at the same time we perceive its odors. 
The odor sensations thus perceived we call taste sensa- 
tions and we seem to have many more than four qualities 
of taste. But if the nose be held so that no breath passes 
through, it is impossible to smell. We then get but the 
four taste qualities even though we put into the mouth 
many substances of very different odors. We thus learn 
that qualities other than bitter, sweet, sour and salt are 
perceived by the sense of smell, not by that of taste. 

In order that we may smell a thing, an emanation from 


it—gas or vapor—must be carried in the air and enter 
the nose with the breath. At first sight it seems that we 
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may distinguish between taste and smell on the ground 
that taste is concerned with substances in liquid solu- 
tions while smell has to do with gases and vapors. But 
we now know (Parker and Stahler, 1913), that the gases 
and vapors that affect our sense of smell are first dis- 
solved in the fluid that moistens the lining of the nose. 
Thus both the organs of taste and smell are affected by 
substances in solution, and there is no difference between 
them on this score. 

But these senses differ in several ways. First, the 
organs of taste are affected by things in contact, that of 
smell by gases or vapors which come primarily from 
things at a distance. Second, the organs of taste are 
affected only by substances in relatively concentrated 
solutions, the organ of smell by substances very greatly 
diluted. Parker and Stahler (1913), found that pure 
ethyl alcohol could be smelled when its molecular concen- 
tration was only about one twenty-four thousandth that 
necessary to give a sensation of taste. When quinine, 
the substance having the strongest known taste, is com- 
pared with mercaptan, the substance having the strong- 
est known smell, the difference is still more striking. 
To give any sensation of taste the quinine must have a 
molecular concentration 44,000,000 times that of the mer- 
captan that man is just able to smell. Third, while we 
know but four tastes we perceive a very large number 
of odors. 

In fishes the organs of taste and smell are of course 
affected by substances in solution, for all things capable 
of affecting them are dissolved in the water. We may 
therefore expect these senses in fishes to operate very 
much as they do in man. Things that fishes taste must 
be in contact; they are usually tasted and felt at the same 
time. They must affect the organ of taste in relatively 
concentrated solution. Things that are smelled may be 
at a great distance. They are smelled without being 
touched. Their odorous portions reach the fish through 
the water and must often be greatly diluted. That there 
are but few qualities of taste in fishes as in man and 
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many qualities of smell is probable from the facts now 
to be set forth. 

1. Taste in fishes. In man, the organs of taste are 
situated chiefly on the tongue. In fishes they occur in 
the tongue, in the lining membrane of the mouth and for 
a considerable distance back in the throat. But fishes 
differ from higher back-boned animals in that the or- 
gans of taste, or taste buds, occur not only in the mouth 
but over the outer surface. In the catfishes they are 
found over the whole outer surface, especially on the 
barbels. In the codfishes they occur on the body and 
fins, but are concentrated on the slender pelvic fins, 
which may be stretched down and forward under the 
throat. In other fishes they have various situations on 
the outer body surface (Herrick, 1903). 

If a piece of cotton wool, soaked in meat juices, is 
touched to the side of the tail of a bullhead while his 
eyes are covered, the animal at once turns and seizes the 
cotton (Herrick, 1903). He cannot see it but he feels 
and tastes it. If the cotton wool is used without the meat 
juices the fish at first seizes this also, but he soon learns 
to distinguish between the feel of the cotton alone and 
the feel and taste of the cotton soaked in meat juice. 
Threafter he pays no attention to the cotton unless soaked 
in the meat juices. If meat juices are squirted against 
his side he turns and bites at the nozzle of the syringe. 
If water alone is used he does not turn, but may move 
away as though irritated. He pays no attention to pieces 
of brick touched to the side unless these are soaked in 
meat juice. The fish then may feel and taste those sapid 
substances that touch the skin and may attend to them. 
He feels non-sapid substances, but pays little attention 
to them so long as they touch him but gently. 

It is then clear that a fish may taste substances in con- 
tact with the skin as well as those in the mouth. Parker 
(1912), has found that when salt, sour and alkaline 
liquids of certain concentrations are squirted gently 
against the mid-trunk or tail of a bullhead (Ameiurus 
nebulosus), the animal does not turn as though to seize 
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food, but moves away as though irritated. On the other 
hand if distilled water only is used the fish is not affected. 
Quinine does not disturb the fish when applied to mid- 
trunk or tail, but when applied to the mouth it has the 
same effect as salt, sour or alkaline. The fish thus acts 
negatively to three of the four classes of substances 
(salt, sour, bitter) that affect our organs of taste. To 
the fourth of these substances it does not respond 
(sweet). But sugar is not found normally in the fishes’ 
environment, and it is therefore not strange that they 
do not respond to it. 

When the bullhead is touched on the body with a piece 
of meat it responds positively by turning to seize it, al- 
though it may not see it. There is then something in 
the meat other than salt, sour or bitter that affects the 
organs of taste of the fish. To this something the fish 
responds positively, while salt, sour, bitter and alkaline 
substances seem to irritate so that it responds negatively 
to them. 

Parker (1912), was able to show that when the nerves 
going to the taste buds in the skin of this fish were cut 
it no longer responded to pieces of meat but was still 
affected by salt and sour and alkaline liquids. He con- 
cludes that there are two sorts of organs in the skin of 
this fish—the taste buds affected by certain sapid sub- 
stances in the meat and the free nerve endings affected 
by salt, sour and alkaline substances. These two sets of 
organs are supplied by different nerves. The fish re- 
sponds positively to those things that affect the taste 
buds, negatively to those that affect the free nerve end- 
ings. Parker would call the sense that takes note of 
salt, sour and bitter substances the common chemical 
sense, that which takes note of the sapid substances of 
meat through the taste buds he would call the sense of 
taste. The distinction is not maintained in this paper. 
Results similar to these of Parker were obtained by 
Sheldon (1909), who worked on the salt-water dogfish 
(Mustelus). 


« 
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We have seen that the fish tastes three classes of sub- 
stances that we also taste: salt, sour and bitter. It fails 
to respond to one sweet substance that affects our taste 
organs, sugar. It responds through its organs of taste 
to one substance for which we have no separate sensa- 
tion of taste, and, although we do not know what this 
substance is, we may refer to it as a sapid substance in 
meat. The fish then tastes one substance that does not 
affect our organs of taste, and there may be other sub- 
stances that affect its taste organs, but do not affect our 
own. We do not then know how many substances a fish 
tastes. We know only that it responds negatively to salt, 
sour and bitter and positively to meat. We may there- 
fore say that it can tell the difference between meat juice 
and the salt, sour and bitter substances used—but we 
cannot say that it can tell salt, sour and bitter from each 
other—for it behaves in the same way toward all of them. 


2. Smell in fishes. The organs of smell in fishes are 
two small sacs located in the snout, one on either side in 
front of the eye. In most fishes they lie on the upper 
side of the snout, but in sharks on the lower side. Each 
has two openings on top of the head (except in sharks), 
one in front of the other. A current of water, produced 
in different ways in different fish, enters the anterior of 
these openings and passes out through the other. But 
the sacs do not communicate with the cavity of the mouth 
so that, unlike man, it is probable that fishes are unable 
to smell things held in the mouth. 

The sense of smell in fishes has recently been studied 
in the bullhead, Ameiurus nebulosus (Parker, 1910), in 
the killifish, Fundulus heteroclitus (Parker, 1910, 1911, 
1912), in the smooth dogfish, Mustelus canis (Sheldon, 
1909, 1911; Parker, 1912; Parker and Sheldon, 19183), 
and in the puffer (Copeland, 1912). 

The usual method of experiment has been to prepare 
two packets of cheese cloth, one of which contains meat 
while the other does not. These are placed in an aqua- 
rium containing several of the fish. If the fish used are 
of species that do not ordinarily seek their food by sight 
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(bullhead, dogfish), they may for a time pay no atten- 
tion to the packets. If they are fishes that habitually 
seek food by the use of the eyes (killifish), they may at 
first bite at both packets in the same way. But in either 
case, as the juices from the meat penetrate into the wa- 
ter, the fish show signs of being stimulated. While the 
killifish pay little or no heed to the meatless packet they 
now crowd about that containing meat and bite at it. 
The dogfish and the bullhead move restlessly about until 
they finally come into contact with the packet containing 
the hidden food, when they attempt to seize it. 

Water may be prevented from entering the nasal sac 
of any of these fishes by closing its anterior opening. 
This may be done by tying a thread about the opening, 
by stitching its lips together or by filling it with cotton. 
Fish thus treated show no difference in their behavior 
toward packets containing meat and those without it. 
The killifish, which sees the packets, may bite at either 
packet, but soon ceases to notice them. The dogfish does 
not become restless and seek about for food. If the ob- 
struction is then removed from the opening of the nasal 
sac, so that water may pass through it, the fish, after 
resting for a while, recover their power to tell the packet 
that contains meat from that which does not. It is thus 
clear that fish are stimulated by substances emanating 
from the meat and that these substances affect the olfac- 
tory organ. The sense of smell enables the fish to detect 
invisible food at a distance. How great the distance may 
be we do not know. Professor Parker records a state- 
ment of Mr. Vinal Edwards “that it is the custom in 
fishing for dogfish to throw out in the tide lines baited 
with menhaden or alewives. For a time no dogfish will 
be seen, then they will appear in numbers, swimming 
around the bait in gradually diminishing circles until 
finally it is seized.”’ It seems that the dogfish do not see 
the bait but that they smell it at a considerable distance 
and that the odorous material carried to them by the 
water must be very greatly diluted. 
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When a dogfish seeks hidden food in an aquarium it 
seems to circle about in a restless, random way until it 
finally comes upon the food by chance. Its sense of smell 
does not seem to direct it to the food. But Professor 
Parker found that if one nasal sac of a dogfish was filled 
with cotton and the other left open—the fish in seeking 
food, turned more often in the direction of the open 
sac. It thus became clear that the nasal organs do more 
than make the fish aware of the presence of food in its 
neighborhood; they guide the fish toward unseen food. 
The fish turns toward that side from which the stronger 
odor comes out and thus finds the food more quickly. 

On the whole the organs of smell in fish serve the same 
purpose as in man. In both they are sensitive to very 
minute quantities of substances emanating from distant 
bodies and not only make the animal aware of the pres- 
ence of these bodies but direct its course to them. In 
the fish, as in man, there are probably very many sub- 
stances that affect the organs of smell. 


8. The need of taste and odor in baits. The fisher- 
man who would know the use made by the fish of the 
senses of touch, taste and smell in taking bait, must dis- 
tinguish two classes of fish. Those that are guided to 
their food by sight and feed by day may take into the 
mouth anything of suitable size that attracts attention 
by its movement. The fish then tastes the bait, and it 
may be rejected if the taste is not satisfactory and if the 
fish is not at once hooked. If fish of this group are not 
to be hooked immediately, if they are to be given time 
to run with the bait, it seems clear that the bait should 
not be merely salt, sour or bitter, for these repel the fish. 
It should contain some ‘“‘sapid”’ juice like that of meat. 

If the fish do not feed by sight or if the fishing is done 
at night then again bait should contain some sapid sub- 
stance that the fish may taste it. It will be more effec- 
tive if it has also odor. When such odorous bait is put 
into the water the fish are directed to it by the sense of 
smell, even in the dark. If they come into contact with 
it with any part of the body containing taste buds they 
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taste it and at the same time feel it. The sense of taste 
then probably tells them whether it is edible while the 
sense of touch enables them to locate it so accurately that 
they turn and seize it without seeing it. For fish that do 
not make much use of the eyes in feeding it is well then 
if the bait has both taste and odor. As a practical meas- 
ure it is perhaps well when seeking such fish to avoid 
baits that seem to us merely salt, sour or bitter and 
without odor and to use those that have odor or that 
seem to have other qualities of taste than salt, sour or 
bitter. To use a sweetened bait would be unavailing in 
any case. 


C. THE SENSES OF MASS-MOVEMENT, HEARING AND 
SIGHT. The senses of fishes that take note of vibrations 
(not emanations), are hearing, vision and another sense 
not possessed by man. This other sense deals with mass 
movements in the water either currents (constant move- 
ments in one direction), or very slow vibrations back 
and forth movements). Hearing is concerned with the 
more rapid vibrations of the water that are perceived 
as sounds, while sight is concerned of course with the 
light waves that traverse the water. The organs of these 
senses may be said to be distance receptors sensitive to 
movements, but not to chemical substances. 


1. The Sense of Mass Movement. 


Along the middle of each side of the body in most fishes 
is a peculiar row of scales, those of the lateral line. In 
each of these is a small opening which leads into a short 
tube. These tubes terminate in a larger, tunnel-like tube 
beneath the skin, the so-called lateral-line canal, which 
runs along the side of the body. This canal extends also 
on to the head, where it divides into three main branches 
and communicates with the surface by numerous short 
tubes, whose openings are easily seen with the naked 
eye. Within the lateral line canal on head and body are 
numerous small sense organs, the lateral-line organs. 
From these nerves extend to the brain. The use of these 


Reighard.—Senses and Learning in Fishes 148 


organs was long a matter of controversy—but through 
the work of Professor Parker and others it is now known. 


From numerous experiments chiefly on the salt-water 
killifish (Fundulus heteroclitus), Parker (1903, 1908a, 
1905, 1910b), concluded that the lateral line organs are 
not affected by light, heat, degree of saltness of the wa- 
ter, food, oxygen, carbon dioxide, foulness of water, wa- 
ter pressure due to the varying depth at which the fish 
may be, water currents or sound. Parker’s method was 
to cut the nerves to the lateral lines in a number of indi- 
viduals and to compare the behavior of these individuals 
with that of normal fish when the two were subjected to 
the various stimuli listed above. In the operated fish 
the lateral line organs were not in use while in the nor- 
mal fish they were functioning in the usual way. If the 
two sets of fish behaved in the same way when subjected 
to these various stimuli it was concluded that the stimuli 
did not affect the lateral line organs. If the normal fish 
were affected by certain stimuli to which the operated 
fish did not respond it was concluded that this failure 
to respond was due to the fact that the lateral line or- 
gans were not functioning in the operated fish. In the 
case of current for example it was found that all normal 
and operated killifish tested swam against the current 
and that it was impossible to detect any difference in 
their behavior toward it. The conclusion was that cur- 
rent did not affect the lateral line organs. By this meth- 
od Parker found but one stimulus that affected the lateral 
line organs of the killifish, When normal killifish were 
placed in an aquarium they came, after a little time, to 
swim near the surface. If then the table on which the 
aquarium rested was gently rocked by a person invisible 
to the fish, they darted at once to the bottom. Fish in 
which the lateral line nerves had been cut did not show 
this behavior, but remained near the surface of the wa- 
ter. The operated fish were in no way affected by the 
movement imparted to the water unless they came so 
near the top of the aquarium as to feel the ripples on the 
surface of the water. They then descended a little until 
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they were in water not disturbed by the ripples. They 
doubtless became aware of the ripples through their ac- 
tion on the nerve endings in the skin. It was found that 
the rocking of the aquarium produced vibrations, i.e., 
back and forth movements of the water—at the rate of 
about six per second. It is these vibrations, too slow to 
affect the ear, to which the lateral line organs are sensi- 
tive. The movements of the water doubtless reach the 
lateral line organs through the pores in the skin. 


Parker found that normal killifish descended to the 
bottom of the aquarium when strong ripples were pro- 
duced by blowing on the surface of the water. Fish with 
cut lateral-line nerves did not go to the bottom when rip- 
ples were produced. They merely kept out of the agi- 
tated water very near the surface. He adds: “There is 
no doubt in my mind that when wind blows on the sur- 
face of the water it causes a motion of the deeper water 
which stimulates the lateral line organs.” In this way 
fish are made aware of wave action before they reach the 
agitated surface and may avoid it by descending. 


When a stone was dropped into an aquarium contain- 
ing normal killifish in such a way that they could not 
see it, the fish responded by springing away from the 
center of disturbance. Fish with cut lateral-line nerves 
did not respond. Parker concludes that “disturbances 
produced by such an object as a stone falling into the 
water stimulate the lateral-line organs with more or less 
directive effect.”’ The disturbances produced by jumping 
frogs or leaping fish may thus be detected and located 
at night. The caster’s bait or possibly even the gently- 
falling fly may be located by their impact on the water, 
when it is not possible for the fish to see them. The fish 
then possesses a capacity not present in land animals and 
obviously of great use to it. 

Parker (1910b), has also studied the lateral line or- 
gans of the salt water dogfish (Mustelus). In this form 
he found that pressure on the lateral line caused the 
breathing to be slowed or stopped, even when the skin 
itself had been made insensitive to pressure as well as 
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to slow vibrations. The same slowing or stoppage of 
breathing took place when a stream of water was played 
on the lateral line. 

Meantime Hofer (1908), had investigated the lateral- 
line organs of five species of European fresh-water fish. 
He did not find them sensitive to vibrations, i.e., back 
and forth movements of the water, however slow, so that, 
in this particular he does not agree with Parker. He 
found the lateral line organs in these fish sensitive only 
to continuous pressure of the water in one direction, that 
is to currents. They enable the fish to detect currents 
and to regulate the position of its body and its move- 
ments with reference to them. This view has been con- 
firmed by Steinmann (1914), who found that the fish 
upon which he worked tended to turn so as to head 
against a stream of water played against the lateral line. 
Hofer believes that fish detect by the lateral line organs 
the presence of unseen solid bodies such as stones, and 
thus avoid colliding with them. As a fish swims for- 
ward its body ordinarily thrusts aside the water. As it 
approaches a solid there is resistance to the displacement 
of the water so that a back-pressure is produced which 
affects the lateral-line organs. In this way a moving 
fish is made aware of its approach to a solid body and 
is able to avoid it even in darkness. 


2. The Sense of Hearing in Fishes. 


Vibrations more rapid than fifteen per second affect 
our ears and are perceived as sounds. Our ears consist 
of three principal parts, the external ear, the middle ear 
and the internal ear. The structures of the external and 
middle ears are not sensitive to sound, but serve merely 
to collect the sound waves and conduct them to the in- 
ternal ear, which alone is sensitive to them. 

In fishes no trace of any part of an ear is usually visi- 
ble on the outer surface of the head and this gives rise 
to the impression that fishes lack the ear and are there- 
fore deaf. But although the external and middle ears 
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are lacking in all fishes dissection shows that an internal 
ear is always present deeply imbedded in the bone or 
cartilage of the skull. In some sharks and skates a slen- 
der tube leads from the internal ear to the top of the 
head and its outer end is visible there. With this excep- 
tion the internal ear of fishes does not reach the surface. 

If fish hear, the sound waves must get to the internal 
ear by traversing the solid bone or cartilage. Since wa- 
ter is a medium 775 times as dense as air, vibrations in 
it possess many times the energy of similar vibrations 
in air—and may therefore easily traverse the tissues of 
the head and reach the internal ear. At the old swim- 
ming hole it is a favorite pastime of boys to crack to- 
gether stones under water after another boy has dived. 
The painful effect on the submerged human ear of the 
sounds thus produced is evidence enough of the greater 
energy of vibrations in water compared with those in 
air. 

But although fish have the essential organ of hearing 
much like our own, and although sound waves may reach 
this organ through the solid tissues of the head, it by 
no means follows that fish hear. Earlier observers (e.g. 
Hunter, 1782), thought that fish must hear because they 
have internal ears. Later Kreid] (1895), removed the 
internal ears of gold-fishes and, finding that they were 
sensitive to certain sounds, concluded that these sounds 
were felt or perceived by the skin, as we may feel cer- 
tain sound waves when the hand is held in water through 
which they are passing. He believed that the ears of 
fishes were not organs of hearing. At the monastery 
of Krems in Austria it had long been the custom to ap- 
proach a certain pond and ring a bell. At the ringing 
of the bell trout assembled to be fed. This was taken as 
evidence that the fish heard the bell. Kreidl investigated 
this report, but found that the fish assembled when the 
pond was approached even though the bell was not rung. 
He concluded that they came at the sight of the bell 
ringer not at the sound of the bell. It appeared then that 
fish in water did not sense the sounds of a bell in air. 
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Kreidl concluded that they did not use the ears for 
hearing. 

Later an American, Parker (1903, 1903a, 1910a, 
1910b, 191la, 1912a), held that this view was wrong. 
He found, as had Kreidl, that fish responded to sound. 
He used the killifish (Fwndulatus heteroclitus), and sque- 
teague (Cynoscion regalis). The killifish were placed in 
a cage suspended in an aquarium. One end of the aqua- 
rium was a sounding board to which was attached a bass- 
viol string string the vibrations of which were transmit- 
ted through the water. In other experiments he placed a 
vibrating tuning fork against the sounding board. When 
normal fish were tested in this apparatus they responded 
to the sound by breathing more rapidly, by movements 
of the pectoral or tail fins or by springing. Fishes in 
which the nerves of the ear had been cut rarely gave 
these responses. They sometimes responded when the 
bass-viol string was used, but this was probably because 
it gave rise not only to sound waves, but also to slower 
vibrations which affected the lateral-line organs of some 
of the fish. Fish with cut ear nerves gave no response 
to the sound waves from the tuning fork, for it produced 
no disturbances in the water except sound waves. 


Fishes in which the ears were intact, but in which all 
the nerves to the skin and lateral line had ben cut, re- 
sponded to the sounds in the only way possible for them, 
by increased rate of breathing. Such responses as they 
gave were hardly to be distinguished from those of nor- 
mal fish. It was clear then that the killifish could hear 
so long as the nerves to the ear were intact even when 
all the nerves supplying the skin and lateral line had been 
cut. The only possible conclusion is that fishes use the 
internal ears, but not the skin or lateral-line, as organs 
of hearing. How then explain the fact that the goldfish 
from which Kreidl had removed the internal ears, were 
still able to hear? Kreidl performed this operation by 
making a small opening in the top of the head and pull- 
ing out the internal ear with a pair of forceps. It re- 
mained for Bigelow (1904), a pupil of Parker, to show 
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how Kreidl had fallen into error. Bigelow repeated 
Kreidl’s experiments. He found, however, that when he 
pulled out the internal ear through an opening in the 
top of the head, he did not get it all. The part of the 
internal ear concerned in hearing remained in the head 
and the fish could still hear. The part removed in this 
operation is not concerned in hearing, but is an organ 
of equilibrium by which the fish keeps its balance. Its 
removal does not affect hearing. When Bigelow cut the 
nerve to the internal ear the goldfish were rendered quite 
deaf. Thus at last it was shown not only that fish hear 
but hear with the ears. As in other animals the internal 
ears are at the same time organs of equilibrium. 


Haempel (1911), has more recently reinvestigated the 
question, and has used for the purpose European min- 
nows and trout and an American fish, the common bull- 
head (Ameiurus nebulosus). He arranged an electric 
bell suspended in an air-filled metal tube which was im- 
mersed in the water of the aquarium. He also employed 
a loud whistling sound made by blowing through the 
fingers. Both sounds were thus produced in air from 
which they penetrated into the water of the aquarium, 
but presumably with greatly reduced intensity. Normal 
young bullheads responded to both sounds. A young 
bullhead from which the internal ear had been removed 
gave no response to either sound. Haempel concludes 
that the young bullhead hears sounds produced in air. 
On the other hand he was unable to get evidence that the 
minnows and trout with which he worked are able to 
hear. He considers them quite deaf. It is possible that 
the fish that Haempel found unable to hear sounds pro- 
duced in air would respond to those produced directly in 
water. In that case his results would agree with those 
of Parker and Bigelow. A difference in the sensitive- 
ness of fish of different kinds to sound is to be expected. 
The bullhead may be so sensitive that when in water it 
is able, as Haempel’s evidence indicates, to hear sounds 
made in air. Other fish such as the minnows and trout 
used by Haempel may be able to hear only the more in- 
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tense sounds produced directly in water. Because they 
do not appear to hear sounds produced in air does not 
justify us in concluding with Haempel that they are deaf. 

The sounds audible to fishes are then probably not 
usually those produced in air—for ordinary sound waves 
travelling through air have too little effect on the much 
denser water. But the evidence indicates that sound 
waves set up in water or those reaching water from some 
solid like a boat are sensed by fishes. Hence the fisher- 
man may talk in a boat without appreciably disturbing 
the fish, but he may not produce sounds by striking the 
boat itself. No doubt the sound of his own voice travels 
through his body and through the boat to the water, but 
it then has probably too little intensity to be effective. 
Since we have little experimental knowledge as to how 
any of the game fishes react to sounds produced in water, 
it is as well for the sport fishermen to be as silent as he 
can. 

It is quite possible that certain fishes may be attracted 
by sounds. This is indicated by the facts that some of 
them produce sounds. The male squeteague (Cynoscion 
regalis) has the ability to make sounds, but the female 
has not. It is not impossible that these sounds attract 
the female. Haempel (1911), relates that in parts of 
Europe fishermen are wont to attract catfish by means 
of sounds. In one case a wooden instrument is used, in 
another the hook is baited with a live frog and the water 
then struck with an instrument which produces a sound 
like the croaking of a frog. 


38. The Visual World and the Sense of Sight in Fishes. 

The appearance of its visual world to the fish is deter- 
mined in part by the medium through which it looks and 
in part by the peculiarities of its eyes. 


A. THE VISUAL WoRLD. The human eye is not adapt- 
ed for clear vision when immersed in water, but it is 
possible to use an instrument like an inverted periscope 
(Reighard, 1908), and by means of it to see objects 
under water while the head remains in air. When such 
an instrument is used the clearest ocean water looks 
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hazy. Objects at a distance of fifteen or twenty feet ap- 
pear as though seen through a thin fog, while objects at 
a greater distance are less distinct and finally invisible. 
Into a bluish opalescent haze retreating fish vanish and 
from it emerge those that approach. The opalesence is 
due to numerous small floating organisms and inorganic 
particles which interfere with the light and reflect it 
back and forth. As a result of these reflections and of 
those which take place from the bottom and from the 
lower face of the water’s surface the under-water light 
is more diffused than that in air. It penetrates into cran- 
nies and beneath objects with the result that shadows 
are much less in evidence than in air and all objects 
therefore appear less in relief. They have somewhat the 
flatness of those in shadow pictures. These objects may 
appear distorted when seen through layers of different 
density owing to differences of temperature. They doubt- 
less lack somewhat of the color they have in air for the 
reason that water tends to obstruct the passage of red 
light-rays. Red objects at some depth must therefore 
appear less red than at the surface and objects of other 
colors are somewhat altered in appearance. 


But the water affects the visual world of the fish in 
another respect more important than any of those enum- 
erated. While we see no sharp upper limit to our atmos- 
phere, the fish has always above him the sharply defined 
surface of the water. Through this he sees the outer 
world and in it he sees reflected a large part of the un- 
der-water world. Figure I shows a cross section through 
a pond and from it may be learned what a fish would 
see with its eye located at F. On the right is represented 
a graduated rod the divisions of which are lettered be- 
low water and numbered in air. From F, the fish sees, 
in the angle I, the bottom of the pond between H on the 
right and point numbered 10 at the left. In the angle 
II he sees the rest of the bottom and the submerged part 
of the staff below A. In the angle III, the fish sees a part 
of the water surface and the submerged part of the rod 
between 9 and A. All these things are seen directly and, 
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except as indicated above, appear as they would in air. 
In the angles IV and V the fish sees the rest of the wa- 
ter’s surface, except that lying within the angle marked 
96°. The lower face of the water’s surface in the angles 
III, IV, V, is a reflecting surface—like that of a mirror. 
A ray of light from the point near D on the staff is indi- 
cated by the dotted line and its direction is shown by 
the arrow heads. When such a ray strikes the lower 
face of the water’s surface at any angle greater than 48° 
with the vertical it does not emerge into air, but is re- 
flected back into the water. Thus the ray from D is re- 
flected and reaches the fish’s eye at F and the fish sees 
an image of D in the surface of the water as in a mirror. 
In whatever direction the fish looks within the angles III, 
IV and V, it does not see out into the air, but sees rather 
this mirror like opaque surface of the water with the 
inverted images of submerged objects visible in it. In 
the angle IV the fish therefore sees an inverted image 
of the submerged part of the rod. Whatever the fish 
sees in the water within the angles III, IV, V it may also 
see duplicated by an inverted reflected image. These 
images are like those we see when we look from air at 
the surface of still water, especially in the morning or 
evening. 

Since light penetrates into the water from air the fish 
is able to see objects above the surface. When a ray of 
light penetrates still water obliquely it is bent or refract- 
ed toward a perpendicular extending downward from the 
water’s surface. As shown in figure 1, vertical ray T is 
not refracted and passes directly to the eye of the fish 
at F. The rays U, V, W, X, Y and Z are refracted in 
varying degrees depending on the obliquity with which 
they strike the water. Even a ray which comes from a 
point near 9, just above the surface of the water, and is 
therefore nearly parallel to that surface, penetrates. It 
is refracted at an angle of 48°. As appears from the 
figure light reaches the eye of the fish from all visible 
objects above the surface—that is from all objects be- 
tween the horizon on all sides and the zenith. But the 
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light seems to come from the direction in which it is 
travelling when it reaches the fish’s eye. Therefore the 
point below 7 on the emergent part of the rod appears 
to be near 7a, and the points above it at 1 and 4 seem 
to be at la and 4a as shown in the figure. It results that 
so much of the rod as is visible above water appears to 
be higher up than it really is. As shown in the figure 
each of the visible subdivisions of the rod appears short- 
ened and the lower ones are more shortened than the 
upper, aS may be seen by comparing the division below 
6 to that below 6a. Only objects near T are seen in their 
natural proportions. 
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Figure 2. View of objects above and below water as they appear 
to a fish. Explanation in text. Modified from Vigueron, 1913. 
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Figure 2 shows one view that a fish might get. For 
comparison the various angles at the right of figure one 
are indented on the margin of figure 2. In the angles I, 
II, III the fish sees directly the bottom and the submerged 
part of the bather. In the angle IV he sees the inverted 
image of the submerged part and of the bottom. Within 
the angle marked 96° in figure 1, the fish views the outer 
world. It is as though he looked through a round win- 
dow over his head—or as though he looked out through 
a funnel with an angle of 96°. On all sides of this win- 
dow the lower face of the water’s surface is opaque to 
the fish, and he sees in it only the reflected images of 
submerged objects. Through the window he sees the 
outer world. In this view of the outer world two things 
are noteworthy. First, the tops of the trees and the up- 
per part of the bather are shortened or depressed as are 
the segments of the rod la to 6a, in figure 1. Second the 
part of the bather just above the water and the trunks 
of the trees are not visible at all and in their place is 
seen a dark band. The reason for this should appear 
from a study of figure 1 within the angle 12°. In figure 
1 rays from points on the rod below 7 are represented as 
penerating the water and the fish should see these points. 
But the amount of light that penetrates the water from 
any points on the rod depends on the angle at which that 
light strikes the water. Since the rays from point 8 
strike the water at a very acute angle most of tnem are 
reflected and but few penetrate. More rays penetrate 
from points higher up and fewer are reflected. Hence the 
visibility of exterior objects to the fish depends on their 
apparent height above the surface. Objects in the direc- 
tion of the line Z and below it within the angle 12° are 
practically invisible. If these objects are near the fish 
they may be quite close to the surface of the water, if 
on the shore they may be higher, if more distant they 
may be very high and still all are invisible to the fish. 
If a mirror is placed in the water at the point F in figure 
1 and tilted at the proper angle the outer world is visible 
to one looking down into the mirror (Von Aufsess, 1913), 
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but men at a little distance on shore, the lower parts of 
buildings and the trunks of trees are not visible. Wood 
(1906), has used a specially constructed pin-hole camera 
to make photographs which show how the outer world 
appears to a fish in a pond. With this apparatus he has 
photographed a circle of nine men as they would appear 
standing about a small pond with buildings and trees in 
the background. Although the men are very close to the 
camera very little of them is visible below the knee and 
the lower stories of the buildings do not appear in the 
picture. With a similar apparatus Wood has photo- 
graphed a straight row of nine men as they appear to a 
fish in an aquarium when the center man is standing 
about eighteen inches from the glass side of the aqua- 
rium. The end men in the row are just included in this 
picture, so that additional men at either end of the row 
would be invisible. From the photograph we may esti- 
mate that the row of men is about 15 ft. long. A line 
from the outside of the end man 7% feet distant, to the 
center of the side of the aquarium then makes an angle 
of about 12° with the aquarium glass. Within this angle 
which corresponds to the line 2 in figure 1, nothing is 
visible in the photograph. If a six-foot man stands at 
the edge of a pond with his feet at the water level a line 
drawn from the top of his head so as to make an angle 
of 12° with the water surface strikes that surface at a 
distance of about twenty-five feet. From this very rough 
calculation it is probable that a six-foot man would be 
invisible to a fish at a distance of twenty-five feet. As 
the man comes nearer his head and shoulders become 
gradually visible and then the rest of his body, but all 
distorted as already described. From this same calcula- 
tion it seems that the sun’s rays would not penetrate the 
water appreciably until they formed an angle of 12° with 
its surface. Hence sunrise comes later for the fish than 
for us, and sunset earlier and his mid-day is much 
shortened. 

Von Aufsess found in his experiments with the mirror 
that all subjects above water were seen surrounded by a 
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rainbow like fringe so that in this respect that part of 
the fishes visual world differs from ours. The writer has 
recently verified Von Aufsess’ observations with the mir- 
ror and has obtained views essentially like those shown 
in figures 2 and 3. Objects within the angle 12° are visi- 
ble at its upper limit, but become gradually less visible 
as they are lowered, and disappear completely at about 
the middle of this angle. All objects are fringed with 
color, more red near the horizon, more blue higher up. 
Objects within the angles IV and 96° are clearly seen 
when the water is quite still, but are distorted and con- 
fused upon the slightest movement of its surface. 


A 
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Figure 3 shows a view above and below water as it 
appears to a fish, with the angles of figure I indicated 
on the margin. In the views shown in figures 2 and 3 
the fish would see all the branches and twigs of the trees 
as well as all other objects bordered with a rainbow 
fringe. 

Imagine then our dawn and twilight to be greatly 
lengthened and our mid-day shortened. Imagine the 
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light weak and the air filled with a thick fog which ob- 
secures objects at a little distance. Imagine shadows to 
be much reduced in intensity, as they are on a foggy day, 
and all objects correspondingly flat in appearance. Imag- 
ine a little way above your head a great mirror extending 
parallel to the earth. Through a round, overhead hole 
in this you see in unnatural positions, distorted and rain- 
bow-fringed, the upper parts of trees and other objects 
that lie above it. Their lower parts are invisible to you. 
Imagine that elsewhere, as you look upward, you see only 
the reflecting lower surface of the mirror and in this, 
upside down, you see the images of all objects that lie 
beneath it. You will then have realized something of the 
difference between the fish’s visual world and our own. 


B. STEREOSCOPIC VISION AND ACCOMMODATION IN 
FISHES. But not only is the visual world of the fish 
different from our own, the eyes through which it is 
viewed are unlike ours. They are usually without lids 
so that the fish has always a glassy stare and never 
closes the eyes in sleep. They are without tear glands 
or tear ducts for with its eyes always bathed in water 
the fish has no need to weep. These differences do not 
affect vision, but there are other differences that do. 
Our own eyes look forward and cover a relatively limited 
field of view in which the two eyes see the same objects 
within the field of distinct vision. Each eye gets a slight- 
ly different view of any solid object and by the combina- 
tion of these two views we get what is called stereoscopic 
vision. Objects appear to us more in relief than they 
would if viewed by a single eye. In the fish the eyes look 
outward, so that their fields of view overlap but little. 
The fish therefore has a field of view much wider than 
ours. To look about he does not need to turn the body 
or the eyes to the same extent that we must turn our eyes 
or heads. But since he views each object (except those 
included within an angle of 5° in front of his head), with 
one eye only—these objects probably lack relief (except 
within the 5° angle). The fish has then very limited 
stereoscopic vision, if indeed he has any (Tschermak, 
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1914). But since the lighting of his world gives objects 
the appearance of flatness the fish has perhaps less use 
for stereoscopic vision than have we. 

When the normal human eye is at rest it sees clearly 
only objects at a distance of more than twenty feet. To 
see nearer objects clearly the eye must be focussed. Fo- 
cussing may be accomplished in optical apparatus in two 
ways. Ina camera we focus by moving the front or back 
of the camera so as to alter the distance between lens and 
ground-glass. For remote objects this distance must be 
short; for nearer effects it must be increased. But if 
the lenses in our cameras were flexible we might keep 
them in focus by altering the shape of the lens to accom- 
modate objects at different distances. For distant objects 
the lens would have to be made flatter, for near objects 
more spherical. In practice we cannot alter the shape 
of a glass lens, but we focus by substituting a lens of 
different curvature. It is by changing the shape of the 
lens that focussing is accomplished in the eye of man 
and other higher land animals. When the eye is at rest 
the lens is flattened and thus adjusted for distant objects. 
For nearer objects, through muscular action, the lens 
becomes more spherical. An unconscious muscular effort 
is therefore needed to see near objects clearly. To the 
land animal distant objects are clearly visible. Their 
rapid approach through the thin atmosphere often means 
danger of food. It is therefore essential that the resting 
eye of the land animal should be fitted to see them. At 
the same time it needs to be instantaneously adjustable 
for near objects. 

In the fish the spherical lens of the eye does not 
change shape. When the eye is at rest it sees clearly 
only objects at a distance of about three inches to a foot 
(Beer, 1894). The fish then sees like a rather short- 
sighted person; everything at a distance is blurred. To 
see distant objects it contracts a muscle which pulls the 
lens nearer to the retina. The action is like the focussing 
of a photographic camera by moving the lens. It may 
focus objects 30-40 ft. distant. So the fish with resting 
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eye sees clearly the near objects not obscured by the haze 
in the water. When need comes it adjusts the eye to the 
more distant and less visible objects, fleeing prey or ap- 
proaching enemy. It does not need to be always alert 
to objects at a distance in the water for these move 
through the dense medium with relative slowness, and 
they are more or less obscured by the opacity of the water. 
It is probable that the degree of contraction of the muscle 
which moves the lens aids the fish to appreciate the dis- 
tance of objects from it. 


C. COLOR VISION IN FISHES. The experience of 
anglers with artificial flies indicates strongly that fish 
discriminate between colors. On the other hand there 
are scientific investigators who hold that fish do not see 
colors at all—but are totally color blind (e.g. Hess, 1911). 

To the totally color-blind person there are no green 
trees or red flowers. He sees the world in blacks and 
whites and grays. So we see objects in an uncolored pho- 
tograph and tell them apart by size and form and by 
their varying shades of the one color. To the totally 
color-blind the world appears much as in such a photo- 
graph. He tells objects apart, not by color, but by form, 
size or shade. If he is shown little skeins of colored 
yarn all of the same size and shape and is asked to put 
together those of the same color, he matches blues and 
reds and greens. They all look gray to him, and he puts 
together those skeins that to his eye have the same shade 
of gray. 

When a fish looks at an artificial fly, he sees, according 
to one view, no color at all. The fly seems to him to be 
made up of white, black and grey parts. According to 
this view he tells the flies apart only by their size and 
shape and by the size, shape and shade of the different 
grey, black or white patches that make up their patterns. 
If this view is correct the gaudy colors of our flies and 
other lures are useless so far as their effect on fish is 
concerned. They catch our eyes only. 

Whether this view, that fish are color-blind, is correct 
is then a matter of some interest to makers and users of 
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lures. How may we test it? A human being may tell 
us whether two objects of like size and shape, but of 
different colors look alike to him. If he can learn to tell 
them apart we know that he is not color-blind. The prob- 
lem with the fish is then to find some way of making it 
tell us whether two objects identical except for color, 
look alike to it. After several years work, Miss Cora 
D. Reeves (1917), a student in my laboratory has suc- 
ceeded in doing this. 





Rea Blue 


Figure 4. Ground plan of aquarium for testing color vision in fish. 


The fish (common sunfish and horned dace) is placed 
in an aquarium (Fig. 4), divided into two compartments 
by an opaque partition. The fish is placed in the smaller 
compartment which communicates with the larger by a 
door. At the far end of the larger compartment are two 
plates of opal ground glass illuminated, the one with blue 
the other with red light. The door is now opened and 
the fish sees in the larger compartment the blue and red 
plates. He has previously been trained to come to a blue 
plate to be fed. If now the fish goes to the blue plate he 
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is fed; if he goes to the red plate he is not fed. The fish, 
after one trial, is returned to the smaller compartment 
and again the door is opened and he makes a choice of 
the blue or red plate and is rewarded by food if he se- 
lects the blue plate. After many trials the fish learns to 
go at once to the blue plate to be fed. He rarely makes 
a mistake and there can be no doubt that he has learned 
to distinguish the blue plate from the red. If the blue 
plate were always in the same position, always at the 
left of the red, the fish might learn to tell them apart by 
position. He might learn no more than to turn to the 
left in order to get food. It is therefore necessary to 
shift the plates in an irregular way as the experiments 
progress, so that the blue is sometimes on the fish’s right 
and sometimes on his left. The plates are of the same 
form and size and, with shifting, are not to be told apart 
by their relative positions. It would seem natural to 
conclude that the fish had therefore distinguished them 
by their colors. At first sight the evidence seems suffi- 
cient to show that fish can discriminate the color blue 
from the color red. But this is an error and one into 
which earlier investigators were sometimes led. 


Let us suppose now that the fish is actually color blind. 
In that case both the blue and the red plates appear to 
him to be gray. But one of these (to him), gray plates 
may be lighter than the other. If we should photograph 
the red and blue plates they would both appear grey in 
the printed picture, but one might be darker than the 
other and it would be very easy to distinguish them in 
the photograph. So the fish may discriminate between 
the colored plates because they appear to him to differ in 
brightness although to his eye they may not differ in 
color. If now we make the red plate of the same bright- 
ness as the blue and the fish can still tell them apart, we 
may be sure that he does this by the color alone, for the 
plates will then be identical in size, shape and brightness 
and will differ in color only. It is not easy for us to 
match two colors by the eye or by any of our instruments 
so that they will be of equal brightness for the fish, but 
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we may make the fish do this for us. After the fish has 
learned to distinguish the blue plate from the red, we 
feed him several hundred times before these two plates. 
But after he has been fed ten times, we change the 
brightness of the red plate. The fish still discriminates 
the two plates. Again we change the brightness of the 
red plate after ten feedings. Thus we continue changing 
the red plate from time to time until we have tried red 
of every brightness from very dull to very brilliant. 
Amongst all the brightnesses of red that we have thus 
tried there must be one that nearly or quite matches the 
brightness of the blue. When this condition of matched 
brightness for the two plates is reached the two colors 
should appear to a color blind fish to be of the same 
shade of gray. If the two plates appear to the fish as 
indistinguishable grays he could not teil them apart and 
he would then be unable to go regularly to the blue plate 
for food. He would go as often to the red as to the blue 
and would remain half the time unfed. If the fish then 
were color-blind a point would be reached in our two 
hundred experiments at which he would make mistakes 
about half the time, and so fail to get food half the time. 
If he were not color-blind he would continue to distin- 
guish the blue from the red, no matter what the bright- 
ness of the red, would make few or no mistakes and 
would get food nearly every time. 


The fish in the experiments that I am describing 
learned, after long training, to discriminate the blue and 
red plates at all brightnesses of the red. Thus with plates 
of the same size and shape and brightness and with the 
possibility of distinguishing them by position eliminated, 
we can conclude only that the fish discriminate between 
the plates by their colors alone. 


Other methods than that of training with food have 
been used in the study of color vision in fish. When they 
are shown two lights of different colors and of presum- 
ably the same brightness they often show difference in 
behavior toward them. They are apt to be repelled by 
red, but not by blue, and to approach a red plate in a 
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different way, and far less frequently than a blue or 
white. This indicates that the plates differ for them in 
color. Flounders when placed on back grounds of differ- 
ent colors (Mast, 1916), become after a time of the same 
color as the background. Blinded flounders do not un- 
dergo this color change, and hence it is concluded that 
color differences are appreciated through the eyes. Mast 
has illustrated these color changes by some very striking 
color-photographs. 

And so in spite of the strong scientific opinion to the 
contrary, our age-long belief in the value of color in our 
artificial flies is shown to be warranted. But the warrant 
extends to blue and red only; we may say that we know 
that fish discriminate these. It is probable that they dis- 
criminate other colors as well. 


Ill. LEARNING. 


Some instances of learning by fish have been already 
referred to. The catfish quickly learns to tell a bit of 
cotton wool soaked in meat juice, from one not so soaked. 
The sunfish and dace learn to come for food to a patch 
of blue light. The trout learns to come toward the man 
who feeds him. To cite in detail all other known in- 
stances of learning would take too long. A few will 
suffice. 

Some years ago I carried on experiments on the gray 
snapper of the Gulf of Mexico (Reighard, 1908). There 
was a school of about 75 of these fish under a dock at 
the Dry Tortugas. For a time I fed them by throwing 
to them small fish known as hard-heads. These were 
greedily eaten. The little fish were eaten even when they 
were stained bright blue or red. They were eaten when 
soaked in various noxious chemicals. Finally I cut some 
tentacles of jelly fish into small bits and placed these bits 
in the mouths of the red stained hard-heads that were 
being given to the grey-snappers. These tentacles, which 
were so placed that they projected from the mouths of 
the hard-heads, are covered with stinging nettle cells. 
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When the red hard-heads thus equipped with stinging 
tentacles were thrown to the snappers they at first ate 
them. But a single experience was enough to teach the 
average gray-snapper that the tentacled hard-heads were 
not good to eat. After taking one he did not care for 
more. Not only did the grey snappers stop eating these 
red fish—but during the rest of my stay on the islands 
they would not touch them. Nearly three weeks after 
their first experience they still refused red hard-heads 
even when they were not equipped with tentacles. At 
the same time they ate hard-heads of other colors. Thus 
the snapper not only learned to let red hard-heads alone, 
but they learned also to tell them from those of other 
colors. That fish in general may learn to avoid a lure 
or baited hook seems clear. Whether they do avoid it 
depends in any particular case on how hungry they are, 
for a hungry fish, like a starving man, will eat almost 
anything. 

Many years ago Moebius (1878), placed a pike in an 
aquarium which was divided by a partition of glass. 
On the opposite side of the partition from the pike he 
placed some minnows. The pike made frantic efforts 
to get the minnows, but at each attempt, bumped his 
snout against the glass. After a time, profiting by ex- 
perience, he ceased to try. The partition was then re- 
moved so that the pike had free access to the minnows. 
But he had learned his lesson, and did not try to get 
them. Thus a happy family was created; the lamb and 
the lion lay down together. But finally the pike, perhaps 
because he grew hungry or because he happened to bump 
against one of the minnows, made another attempt and 
succeeded. The minnows then disappeared very quickly, 
for the pike had learned once more. The experiments 
of Moebius were repeated by Triplett (1901), who used 
perch instead of pike and obtained results like those of 
Moebius. 

More recently Thorndike (1911), and Goldsmith 


(1914), have shown that fish may learn to come to a par- 
ticular point in an aquarium to be fed and that they re- 
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member what they have learned for as long as eighteen 
days. Fish may also learn and remember in what direc- 
tion to go to pass through an opening in a partition in 
order to reach the nest (Goldsmith, 1914). They may 
also learn and remember the shortest way through par- 
titions with openings at different places. Churchill 
(1916), placed two such partitions across an aquarium 
so that it was divided into three compartments. Food 
was placed in the compartment at one end and gold fish 
in the compartment at the opposite end. The gold fish 
at the first attempt sometimes required nearly two hours 
to get through the openings in the two partitions and the 
intervening compartment and reach the food. But as 
they repeated the attempt to get through they succeeded 
in shorter time until finally they learned to go from end 
to end of the aquarium in three or four minutes. 


IV. SUMMARY. 


We see then that fish possess all the senses that men 
have and one besides. The sense of touch they have of 
course. The sense of smell, as in man, makes them aware 
of some things good or bad in their neighborhood. If bad 
they flee from it. If good they seek it and are directed 
in the search by the sense of smell. When they come 
into contact with the food, they may taste it with the 
organs on the surface of the body. Then with the help 
of touch they locate and seize it. 

Mass movements of the water—slow vibrations and 
currents, they sense by means of their lateral-line organs 
—structures not possessed by land vertebrates. Thus 
probably they are aided in detecting approaching danger 
or possibly in securing food. These same organs may 
help them to detect currents in the water and to regulate 
their movements with reference to them. They may also 
aid the fish to detect unseen solid bodies before they swim 
against them. 

More rapid vibrations of the water they sense with 
their ears, as sounds. Owing to the great energy of 
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sound waves in water, these pass through the hard tis- 
sues of the head and reach the internal ear unimpaired. 
Thus no other parts of the ear are necessary. 


Fishes see much as we do—but their field of vision is 
larger. Owing to the diffuse and weak light of their 
world and to the position of their eyes, objects appear in 
less relief to them than to us. Objects in still water are 
seen by most fishes not only directly, but also upside- 
down, mirrored in the lower face of the water’s surface. 
Objects in air and above the water about the shore of a 
pond are also visible to them. But these objects are seen 
in unnatural positions distorted and fringed with color 
and their higher parts only are visible. Like a short- 
sighted person, the fish sees near objects distinctly, dis- 
tant objects less clearly. Only by a muscular effort does 
he see distant objects clearly, in so far as they are visible 
through the opalescent water. Fishes distinguish colors, 
but whether they see as many colors as we do is not 
known. Nor can we say that the colors appear to them 
in the same way that they do to us. 

And so the faith of the fisherman in his gaudy lures 
is justified. His belief that fish may learn to avoid them 
or to keep out of nets appears to be founded in fact. 
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PROCEEDINGS OF THE FORTY-SIXTH 
ANNUAL MEETING 


The Forty-sixth Annual Meeting of the American 
Fisheries Society was held at New Orleans, La., on Oc- 
tober 16 to 19, 1916, the President of the Society, Pro- 
fessor Jacob Reighard, presiding at all the sessions. 


Monday, October 16. 
OPENING SESSION. 


The Hon. Martin Behrman, Mayor of the City of New 
Orleans, was introduced and presented an address wel- 
coming the Society to New Orleans. 

Hon. M. L. Alexander, President of the Louisiana 
State Department of Conservation, also presented an ad- 
dress of welcome on behalf of the Governor of Louisiana. 

President Reighard responded to the addresses, after 
which the session was adjourned. 


Monday Afternoon Session, October 16. 


In the absence of the Recording Secretary and the 
Treasurer, Mr. Carlos Avery of St. Paul, Minn., was 
elected Acting Secretary and Mr. John P. Woods of St. 
Louis, Mo., Acting Treasurer, to serve during the 
meeting. 

Fifty-eight applications for membership were present- 
ed and upon vote of the Society the applicants were de- 
clared elected. The names of these new members, to- 
gether with three others elected later during the meeting, 
will appear in the membership list to be issued in the 
September number of the Transactions. 


REPORT OF THE RECORDING SECRETARY. 
(Read by the Acting Secretary.) 
To the Members of the American Fisheries Society: 


The work of the Recording Secretary for the past year 
has been directed chiefly toward the preparation and 
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publication of the Transactions. This task for the past 
year has involved more than the usual amount of respon- 
sibility and labor, since the very limited program pre- 
sented at the San Francisco meeting provided, aside from 
the Proceedings, only enough material for the December 
number. The remainder of the papers published during 
the year have been furnished by members at the personal 
request of the editor, and this involved no little corre- 
spondence as well as anxiety. However, I believe the 
quality of the TRANSACTIONS has in no way suffered. 
The four numbers, the last of which is just now off the 
press, comprise about 240 pages. 


One of the most important occurrences of the year, 
or in fact of recent years, was the addition to our mem- 
bership of fifty new Patrons, following the San Fran- 
cisco meeting,—chiefly through the agency of Capt. Jef- 
ferson F. Moser of San Francisco. 

The number of active members has been increased 
during the year by about twenty. The names of these 
members appear in the revised membership list just is- 
sued in the September number of TRANSACTIONS. Ac- 
cording to the by-law passed at the last meeting these 
were elected by the committee formed for that purpose. 
In other words they became members at once, receiving 
the TRANSACTIONS for the year and being listed as of 
the year 1915-16. 


The sale of publications has been very slight during 
the year, amounting to only twelve numbers of the quar- 
terly, for which six dollars was realized. 


There is on hand a large number of the issues of for- 
mer years, especially from 1904 to the present time. 
This fact forms the basis for a recommendation to the 
Society to be presented later. The Secretary’s file, to be | 
kept permanently in the hands of the Secretary, is still 
lacking the 1903 volume, as well as those previous to 
1893. Members encountering these volumes are urged to 
secure them for the Secretary’s file, as it is evident that 
there should be as complete a file as possible of the So- 
ciety’s publications in the possession of the Society. 
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The Secretary-Editor believes that the time has ar- 
rived for the separation of these offices, as each of them 
involves a considerable amount of work, and they are not 
necessarily concerned with each other. A recommenda- 
tion to the Society to this effect will be presented later. 

Respectfully submitted, 
RAYMOND C. OSBURN, 
Recording Secretary. 
New London, Conn., October 9, 1915. 


This report was accepted and approved by vote of the 
Society. 


Recommendations to the American Fisheries Society: 


I. The back numbers of the TRANSACTIONS, especially 
since 1904, have accumulated in considerable numbers, 
and there has been but little sale of them at the present 
price, which is $1.50 for all except the 1910 volume which 
is $2.00. 

In order to dispose of some of these and at the same 
time increase the income of the Society, I suggest that 
these be offered to members at half-price. Many of our 
members have been elected in recent years, and it may be 
that some of them will be glad to avail themselves of 
such a reduction in order to add to their series. 

II. For the past forty-five years the Recording Sec- 
retary has also been Editor of the TRANSACTIONS. As 
the work of both of these offices has increased greatly, 
and as there is no necessity for their combination, it 
seems to the present incumbent that they should now be 
separated. Although the work of editing the TRANSAC- 
TIONS is vastly greater than the secretarial work, the 
present editor is willing to continue the editorial work 
without salary, thus permitting the honorarium of $50.00 
a year to go to the Recording Secretary. 

Respectfully submitted, 
RAYMOND C. OSBURN, 
Recording Secretary. 


These recommendations of the Recording Secretary 
were referred to the Executive Committee. 
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Professor H. B. Ward, of Illinois, moved a vote of 
thanks to Capt. Jefferson F. Moser and Mr. Henry 
O’Malley for their work in securing the large number of 
Patrons, and also to the Patrons themselves for their 
interest in the work of the Society. 


REPORTS OF THE TREASURER. 
(Read by Mr. Daniel B. Fearing.) 


To the American Fisheries Society: 


I herewith submit my annual report as Treasurer from 
October 1, 1915, to October 1, 1916: 


RECEIPTS. 
1915 
palelot MEpOrts, 2.2 eee $ 6.00 
Wm. Timson, Life member- 
Shipp tee ets sh a See eee 25.00 
Wearly, dues 0 ee 852.00 $883.00 
EXPENDITURES. 
1915 
Oct. 1 Balance due Treasurer $252.75 
Oct. 27 R. L. Holmes, stenog- 
PADNET = = tn ee 71.50 
Nov46.°C.3.- Butler. Pee 
Stamped envelopes ..... 21.36 
1916 
Jan. 4 Clark & Fritts, by Sec’y 93.11 
Mar. 23 fe S 3 107.46 
Apr:. -2 : yy 8.50 
May 18 M. J. Sullivan, printing 3.50 
Jan. 30 J. H. Murphy, printing 1.25 
May 26 Clark & Fritts, by Sec’y 
Printing} 129.43 
Aug.18 800 reports and mailing 
by Sec’ y: 2 eee 192.25 
Addressing and mailing 
625 copies March .......... 6.50 
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1,800 envelopes ................... 20.59 
mUgSol A00 reprints: 2.2.32. 36.00 
500 envelopes and 
WORUAGINID 2 Boe ee ke 10.68 
Sept.21 Secretary’s honorarium 50.00 
stamps by Sec’y ......= 6.00 
Notary’s fee, Sec’y ........ 50 
600 envelopes, Sec’y 6.60 
Addressing 2 sets no- 
LICESE OCC Woo eee 3.00 
Oct. 1 Interest on balance ........ 26.73 
Postace’ stamps: 22.) 2.00 
$1,049.71 
Balance due Treasurer 166.71 
$1,049.71 


Respectfully submitted, 
(Signed) C. W. WILLARD, 


Westerly, R. I., October 1, 1916. Treasurer. 


To the American Fisheries Society: 


I hereby submit my Annual Report as Trustee of the 
Permanent Fund of the Society, From October i, 1915, 
to October 1, 1916: 


Deposit Book Industrial Trust Co., Westerly, R. I. 
No. 8,540. 
Balance as of report rendered October 1, 1915 $ 51.66 


1915 


GIES, VEO Bye) 40s | Heer ae weno ened Sse ei ewe Oe eee 50.00 
iteet2 GL WeCDOSsi ts. -.3 6 seetue CEA Oe 2,275.00 
legs 2 De DOSIT 6. sel ai) ca se ee eae 350.00 
Aug. 1, 1916 Interest credit to this date ........... 72.90 

$2,799.56 


Respectfully submitted, 
(Signed) C. W. WILLARD, 
Treasurer. 
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This deposit is in the name of ‘Permanent Fund, 
American Fisheries Society.” 

We certify that there was Twenty-seven hundred and 
ninety-nine dollars and fifty-six cents ($2,799.56), to the 
credit of the above account on October 9, 1916. 


INDUSTRIAL TRUST COMPANY, 
Westerly Branch. 


(Signed) JAMES M. PENDLETON, 
Manager. 


The above reports were referred to the Auditing Com- 
mittee by vote of the Society. 

Mr. Daniel B. Fearing, of Rhode Island, as chairman 
of the special committee to further the amalgamation of 
the Pacific Fisheries Society with the American Fisheries 
Society, reported that the matter had been laid before 
the Pacific Fisheries Society and that it had been re- 
ferred to the executive committee of that society. No 
further communication had been received. 


READING OF PAPERS. 


The Use of Gasoline in the Treatment of Fin Trouble 
Among Brook Trout. 


BY H. L. RIPPLE, Bayfield, Wis. 
(Read by Mr. W. E. Barber.) 


Young brook trout in the Bayfield, Wisconsin, hatchery 
were attacked by fin trouble which killed off large num- 
bers of them. Mr. Ripple tried the salt solution treat- 
ment without avail. Then he placed a number of them 
in pure gasoline for three minutes at which time they 
were apparently dead. On being placed in water, how- 
ever, they all revived and recovered completely. Many 
more were subsequently treated, and while some were 
lost, the treatment proved, on the whole, very beneficial. 
Means for testing out the treatment in a scientific man- 
ner were lacking, and Mr. Ripple suggested that this be 
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done in order to make the method more accurate. (Ab- 
stracted.) 


Why Fridays for Fishes? By Mr. John P. Woods, 
President of the Missouri State Fish Commission. 

The custom of eating fish on Friday is connected with 
the abstinence from other meats on that day in the ob- 
servance of certain religious tenets dating back to the 
dawn of Christianity. There is, however, no logic in 
permitting Friday to have a perpetual monopoly of this 
food. 

When we recall that about three-fourths of the earth’s 
surface is but a fish pasture, it is evident that fish festi- 
vals on other days will work no particular hardship on 
this aquatic tribe. The U. S. Bureau of Fisheries has 
prepared tables showing that the flesh of various fishes 
is as rich in food values as the various meats. Consum- 
ers generally should know this. A pound of salmon will 
produce as much tissue or body fuel as a similar amount 
of sirloin steak and at about half the price. 

Cannot this Society inaugurate a successful “‘eat fish” 
campaign under the slogan “All days fry days for fish- 
es”? (Abstracted.) 


The Construction of a Pond Cultural Station, and the 
Propagation and Distribution of Large-mouth Black Bass 
in South Carolina. By. Mr. G. W. N. BROWN, Suwperin- 
tendent, U. S. Fisheries Station, Orangeburg, S. C. 

This paper appeared in the TRANSACTIONS for De- 
cember, 1916, pp. 30-34. 


Conferva and Mejinko. By MR. W. O. Buck, U. S. 
Bureau of Fisheries, Neosho, Mo. 


Propagation of Small-mouth Black Bass. By Mr. O. 
P. CUSHMAN, U. S. Bureau of Fisheries, Mammoth 
Spring, Ark. 

This paper appeared in the March, 1917, issue of the 
TRANSACTIONS, pp. 113-116. 

Session adjourned. 
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Tuesday Morning Session, October 17. 
REPORT OF EXECUTIVE COMMITTEE. 


Mr. Henry O’Malley, chairman of the committee, re- 
ported upon the two recommendations made by the Re- 
cording Secretary, Prof. Raymond C. Osburn, and moved 
as follows: 


1. That the offices of Recording Secretary and Editor 
be separated, that the $50.00 fee to the Recording Secre- 
tary be discontinued and that instead this officer be al- 
lowed his expenses at the annual meeting. 

After some discussion by various members this was 
referred back to the committee for further consideration. 


2. That the Secretary be authorized to sell the back 
volumes of the TRANSACTIONS to members only at half 
price, or at the rate of $1.00 for the 1910 volume and 
$.75 each for all other volumes. 

This motion was seconded by Mr. Daniel B. Fearing 
and passed by vote of the Society. 


READING OF PAPERS. 


Remarks on the Tile-fish, by Dr. Hugh M. Smith, U. 
S. Commissioner of Fisheries, Washington, D. C. 

Following the discovery of the tile-fish in 1879, Pro- 
fessor Baird, then U. S. Commissioner of Fisheries, was 
hoping to induce commercial fishermen to market it, 
when some violent catastrophe nearly exterminated the 
species. From 1892 to the present the tile-fish has been 
increasing in numbers, and in the fall of 1915 the Bu- 
reau of Fisheries undertook the task of introducing it 
on the market. It was necessary to hire a regular fish- 
ing schooner, guaranteeing fifteen hundred dollars for 
four weeks of fishing, but the sales of tile-fish more than 
covered the charter price. Since then the fishery has rap- 
idly progressed and is being followed regularly at Bos- 
ton, New York, Atlantic City and other ports of the New 
England and Middle Atlantic States. Apparently the 
fishery will yield 20,000,000 lbs. in the first year of its 
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existence, and up to this time the fishermen from New 
York say they have only been fishing on the outskirts of 
the grounds. The tile-fish is found only on the narrow 
edge of the coastal shelf, but there is undoubtedly an 
abundance of the fish on these very accessible grounds. 
(Abstracted.) 


An Unidentified Disease of the Black Bass in a Small 
Lake at Bernardsville, N. J., by Mr. Daniel B. Fearing, 
Newport, R. I. 

The paper was discussed by Professor H. B. Ward, 
Dr. Geo. W. Field and Mr. W. O. Buck. 


Bass Raising in Texas, by Mr. Mark Riley, San Mar- 
cos, Texas. (Printed in the March, 1917, TRANSACTIONS, 
pp. 107-112.) 

During the discussion which followed, Mr. Riley 
brought out the fact that the young large-mouth black 
bass can be easily taken on dark nights by the use of a 
torch. As the schools of young bass do not separate till 
past the No. 1 fingerling stage, and as they rise to the 
light, they may be taken out with a dip net operated from 
a boat. This method Mr. Riley has found very successful. 


Federal Control of Fishing in Interstate Waters, by 
Mr. Eben W. Cobb, State Superintendent of Fisheries of 
Minnesota. 

Printed in the December, 1916, issue of the TRANSAC- 
TIONS, pp. 26-29. 

The paper elicited considerable discussion over the 
difficulties of securing interstate cooperation by other 
means that by federal control. In only a few cases have 
the states concerned been able to reach an agreement. 

The Society then adjourned to luncheon as the guests 
of the Department of Conservation of the State of Lou- 
isiana. At the close of the luncheon brief addresses were 
made by Mr. M. L. Alexander and Mr. Daniel B. Fearing. 


Tuesday Afternoon Session, October 17, 1916. 
The program of papers was proceeded with at once. 
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Rules and Regulations of the Connecticut Board of Fish- 
eries and Game, with Remarks Relative to Connecticut 
Game and Fish Industries, by Mr. John M. Crampton, 
State Superintendent of Fisheries and Game of Con- 
necticut. 

Mr. Crampton’s remarks were directed especially to 
the depletion of the shore and river fisheries owing to 
the lack of proper laws to regulate pollution, the seining 
of small fish and the placing pound nets in the mouths of 
streams. Discussion followed at some length by Messrs. 
John W. Titcomb, Henry B. Ward, Daniel B. Fearing, 
Geo. H. Graham, John P. Woods and W. O. Buck. 

The session then adjourned for an automobile tour 
through certain parts of the city, terminating at the 
Southern Yacht Club. 


Tuesday Evening Session, October 17, 1916, at the 
Southern Yacht Club. 


Professor Henry B. Ward, of the University of Illinois, 
presented an address on the migration of the Pacific sal- 
mons, illustrated by numerous lantern slides. 

Dr. Hugh M. Smith, United States Commissioner of 
Fisheries, spoke on ‘Some of the Features of the Work 
of the U. S. Fisheries,” illustrating his remarks with lan- 
tern slides and motion pictures. One reel showed the 
work of the Bureau of Fisheries and of various western 
states in the propagation of the Pacific salmons; another 
covered the lobster propagation work of the Bureau of 
Fisheries on the Atlantic Coast; another represented ex- 
tensive operations in the Fisheries of the Great Lakes, 
and the fourth reel showed the character of the import- 
ant rescue work of the Bureau of Fisheries in reclaiming 
fishes stranded during the overflow periods of the Mis- 
sissippi River and its tributaries. 

Mr. M. L. Alexander, President of the Louisiana De- 
partment of Conservation, showed a motion picture reel 
on Louisiana bird life. 

During the evening the glee club and orchestra of the 
Sophie Newcomb College for Women of Tulane Univer- 


Proceedings, Forty-sixth Annual Meeting 181 


sity provided entertainment, and freshments were served. 
At the close of the session President Reighard called upon 
Professor Henry B. Ward to express the thanks of the 
Society for the entertainment provided. 


Wednesday Morning Session, October 16, 1916. 


By vote of the Society, the session proceeded at once 
with business, postponing the reading of papers. 


REPORT OF THE AUDITING COMMITTEE. 


My. E. A. Tulian, chairman, reported that the Auditing 
Committee had examined the books of the Treasurer and 
found them to be correct. Voted that the report be ac- 
cepted and placed on file. 


REPORT OF THE COMMITTEE ON RESOLUTIONS. 


Dr. Geo. W. Field, chairman of the committee, pre- 
sented a resolution extending the thanks of the Society 
to the Department of Conservation of the State of Louis- 
iana for the excellent entertainment and many courtesies 
shown the members during the meeting. 

President Reighard called for a rising vote, and the 
resolution was unanimously carried. 


Whereas, the annual floods have become a source of 
enormous damage to property, and in many instances, a 
serious menace to life; 


And whereas, the progressive drainage of such swamp 
lands as are by nature directly available for holding back 
flood waters, contributes in considerable measure to in- 
creasing the danger and damage from floods, 


And whereas, these swamps, in some instances, are 
natural spawning places and nurseries for fishes of many 
useful species, and as well the peculiar and necessary 
breeding places for several species of useful birds, and 
whereas the drainage of swamp land is often sought 
merely for local temporary or personal advantage with- 
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out reference to the public rights, directly or indirectly 
involved ; 


Therefore, be it resolved, That the American Fisheries 
Society respectfully urges individuals, associations, state 
and federal legislators to consider and to safeguard the 
broad public rights involved. 


Approved by vote of the Society. 


Resolved: That we strenuously urge the passage of a 
state and federal legislation which may tend to check 
such existing abuses as the facile pollution of public wa- 
ters, the waste of valuable young fishes, the use of unnec- 
essarily destructive methods of fishing and wasteful 
methods of marketing. In many instances, laws already 
exist, but in the absence of enforcement, due to apathy, 
ignorance, political consideration, conflict, or lack of au- 
thority, the enormous economic waste goes on. 


Approved by vote of the Society. 


Dr. Field called attention to the death of Captain N. 
B. Church of Tiverton, R. I., a member of the Society 
since 1910. Captain Church was practically the first man 
to apply system and business methods to fishing. He 
built up a strong organization and did much to develop 
the fertilizer and oil industries in connection with the 
menhaden and other fishes. He was always interested 
in the public welfare, served in the state legislature, be- 
sides being one of the notable figures in the history of 
American fisheries. 

A resolution was presented that the Society record its 
sorrow at the death of Captain Church. This was 
approved. 


COMMITTEE ON TIME AND PLACE OF MEETING. 


Mr. Henry O’Malley, chairman, reported that, after 
considering the claims of a number of cities, including 
Chicago, Detroit, Baltimore and Providence, the com- 
mittee had unanimously voted to recommend the Twin 
Cities of Minnesota, St. Paul and Minneapolis, and the 
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date as August 29, 30 and 31, 1917. On motion by Pro- 
fessor Henry B. Ward, seconded by Mr. John P. Woods, 
the Society unanimously voted to accept the recommenda- 
tion of the committee. 


COMMITTEE ON NOMINATIONS. 


Mr. John W. Titcomb, chairman, presented the follow- 
ing list of names for officers of the Society for the year 
1916-17: 


IPROSIAEN ices cee Shen GEORGE W. FIELD, Sharon, Mass. 
Vice-President............ HENRY O’MALLEY, Washington, D. C. 
IF e OS Et a Rema Re er CARLOS AVERY, St. Paul, Minn. 
Cor. Sec......CHAS. H. TOWNSEND, The Aquarium, N. Y. C. 
BGCUSULEN?. ooo ks CHAS. W. WILLARD, Westerly, R. I. 
I ES oy Pee ee RAYMOND C. OSBURN, New London, Conn. 


Vice-Presidents of Sections. 
Fish Culture........... DWIGHT LYDELL, Comstock Park, Mich. 
Aquatic Biology & Physics, HENRY B. WARD, Urbana, Ill. 
Commercial Fishing.......... J. F. MOSER, San Francisco, Cal. 
AMGUNG ck co DANIEL B. FEARING, Newport, R. I. 
Protection and Legislation, GEO. A. LAWYER, Wash., D. C. 


Executive Committee. 


NeR. BULLER; Chairman... 6 cob Harrisburg, Pa. 
Ee elt ERY PRREM 402i ne antes ae Chicago, IIl. 
GEBNGINES 1G OBE ea 0 8 tee RN ak rE oe Seattle, Wash. 
ORUN Eee VWMOODSe t's tina as ine aoe ee St. Louis, Mo. 
Bass oO Ah oa diet Fok Be ae he es Be St. Paul, Minn. 
POEUN Se ECA RSONGS: Se uber aie le isEy ee fia Accomac, Va. 
Vile] SL) £613) f UNGER MOLI CE RO a ae Mc PMICE a tan Tuxedo Park, N. Y. 
Committee on Foreign Relations. 
GEORGE SHIRAS, CRAG MOM:...nnncccccccsccccecee---- Washington, D. C. 
RG GES SIMI He 20 ea Mars Washington, D. C. 
re pE COUR ENE el 2.0 nk ee ye a ere eer Ottawa, Can. 
SOERNG re EE TOOMBS Sebi Aye ren Le Lyndonville, Vt. 


SEES MVEILISOING) 3 coo4 ey YR Ags ar Glen Falls, N. Y. 
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Committee on Relations with National and State 


Governments. 
HENRY 2B. WARD: CHGITMNON Sos ee Urbana, Ill. 
SIE GE ADA WG cn es a ae Boston, Mass. 
MAT “AGE RANDERY ol n0 ee ae ore New Orleans, La. 
WM. LL... FINLEY A0PE4 yi A ere ee Portland, Ore. 
JACOB REIGHARD 705 re ie ye cea es Ann Arbor, Mich. 


Publication Committee. 
RAYMOND C. OSBURN, BASHFORD DEAN, JOHN T. NICHOLS 


Before this report was acted on the EXECUTIVE COM- 
MITTEE presented a resolution creating the separate office 
of Editor, following the suggestion made by the Record- 
ing Secretary (see p. 173). Resolved: That Article III 
of the Constitution be, and is hereby amended by striking 
out the words “an Assistant Recording Secretary” and 
inserting in lieu thereof the words ‘“‘an Editor.” This 
was approved by the vote of the Society. 

Mr. Daniel B. Fearing then moved that the Secretary 
cast one ballot for the names proposed by the committee. 
This was seconded by Prof. Henry B. Ward and the mo- 
tion carried. 

The EXECUTIVE COMMITTEE presented a further reso- 
lution: That the resolution passed at the 1913 meeting 
to pay the Recording Secretary a yearly honorarium of 
fifty dollars be rescinded and that instead the Treasurer 
of the American Fisheries Society is hereby directed in 
future to pay the actual travel expenses of the Recording 
Secretary to and from, and while in attendance on the an- 
nual meeting of the Society. 

Moved and carried. 

Mr. M. L. Alexander moved a rising vote of thanks to 
President Reighard and the other officers of the Society 
for their work during the past year, which was unani- 
mously acted upon. 

Mr. Daniel B. Fearing presented a letter from Mr. 
Charles W. Willard calling attention to the successful 
work of the Atlantic Tuna Club of Block Island. 
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READING OF PAPERS. 


The business of the Society being attended to, the re- 
maining papers were presented. 


Some of the Laws and Methods for the Protection and 
Conservation of Louisiana’s Fish. By E. A. Tulian of 
the State Department of Conservation. 

Published in the Transactions for March, 1917, pp. 
117-123. 


Dr. Geo. W. Field, President-elect of the Society, pre- 
sented an address dealing with certain conditions influ- 
encing commercial methods of marketing fish and fish- 
eries products. He called attention to the vast amount of 
uncoordinated effort in the commercial fisheries and indi- 
cated his belief that the Bureau of Fisheries should have 
the support of all the people in the effort to bring about 
the better organization of commercial fisheries methods. 

After considerable discussion, Dr. Field presented the 
following resolution, which was carried by vote of the 
Society: 


Resolved: That the President of the American Fish- 
eries Society, with the approval of the Executive Com- 
mittee, be authorized to take such action as he may deem 
advisable to secure publicity in matters relating to the 
fisheries or to effect legislation in the public interest. 


The Fisheries of Chesapeake Bay and the Co-opera- 
tion of Maryland and Virginia for their Conservation. 
By John §S. Parsons, Commissioner of Fisheries of Vir- 
ginia. 

This paper appeared in the December, 1916, TRANS- 
ACTIONS, pp. 15-25. 

After extended discussion of this paper by Mr. S. C. 
Arthur, Commissioner H. M. Smith, Dr. Geo. W. Field 
and Mr. John P. Woods, the session adjourned. 


Wednesday Afternoon Session, October 18, 1916. 
The program of papers was continued as follows: 
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The Utilization and Preservation of Fresh-Water Mus- 
sels. By Dr. R. E. Coker, U. S. Bureau of Fisheries, 
Washington, D. C. 

Printed in the December, 1916, issue of the TRANSAC- 
TIONS, pp. 39-49. 


Because of lack of time other papers were read by title, 
except the President’s address entitled: 

The Senses and Learning in Fishes. By Prof. Jacob 
Reighard, University of Michigan, Ann Arbor, Mich. 
(See the present issue of the TRANSACTIONS, pp. 1383- 
170.) 

After some discussion by various members, the Forty- 
sixth Annual Meeting of the Society was finally ad- 
journed. 
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1913 
CARL. A. ANDERSON 
MANCHESTER, IOWA 
1905 
D. Cc. BEAMAN 
DENVER, COLORADO 
1884 
TARLETON H. BEAN 
ALBANY, NEW YORK 
1910 
N. B. CHURCH 
TIVERTON, RHODE ISLAND 
1908 
J. J. GLENNAN 
WASHINGTON, D. C, 
1916 
DAN LYNCH 
NEW ORLEANS, LOUISIANA 
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DANIEL MORRELL 
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WALTER I. NEAL 
AUGUSTA, MAINE 






















1910 
H. WHEELER PERCE 
CHICAGO, ILLINOIS 






1914 
THOMAS H. STRYKER 

ROME, NEW YORK 
1899 
CHARLES W. WILLARD 
WESTERLY, RHODE ISLAND 
1915 


WILLIS L. WYMAN 
PARK RAPIDS, MINNESOTA 












Charles WW. Willard 


Charles W. Willard, of Westerly, Rhode Island, died 
suddenly in that city on October 25, 1916, 


Mr. Willard was elected a member of the American 
Fisheries Society in 1899, and was made Treasurer in 
1900,—an office in which he served the Society faithfully 
for more than sixteen years, until his death. During 
all this time he had never missed attending a single meet- 
ing except the-last one at New Orleans, when illness 
prevented him from being present. 


In 1894, Mr. Willard was appointed a member of the 
State Board of Inland Fisheries of Rhode Island, and 
in 1910, he was elected President of the Board, a position 
he still occupied at the time of his death. He was also 
one of the founders and the first President of the At- 
lantic Tuna Club of Block Island. 


He was a trustee of the Mechanics Savings Bank of 
Westerly, R. I.; a member of Franklin Lodge, No. 20, 
F. and A. M., and past master of the lodge; a member 
of Palmer Chapter No. 28, R. A. M.; a member and past 
eminent commander of Narragansett Commandery No. 
27, K. T.; a member of Palestine Temple A. A. O. M. S. 
of Providence, R. I., and a member of Bowen Lodge No. 
30; 1. OL FP. 


The esteem in which the man himself was held by his 
fellow citizens was shown at his funeral when the entire 
activities of the city ceased for an hour and fifteen min- 
utes while the services were being held. 


The American Fisheries Society suffers in Mr. Wil- 
lard’s death the loss of a devoted officer, who for more 
than sixteen years gave his best energies to the building 
up and the welfare of its interests. 


By DANIEL B. FEARING, 
Newport, R. I. 


Or. Carleton Hoffman Bean 


Dr. Bean died at Albany, N. Y., on December 28, 1916, 
at the age of seventy years, as the result of injuries 
received in an automobile accident. He was one of the 
older members of the Society, his membership dating 
from 1884, and in 1908 he was elected to the presidency 
of the Society. 

In the death of Dr. Tarleton Hoffman Bean, American 
ichthyology loses one of its brightest ornaments and 
American science one of its most valuable exponents. 
He was one of that group of Americans who built up a 
new branch of scientific research, and one in which 
American genius has been peculiarly conspicuous. It is 
therefore especially fitting that one who has been thrown 
into intimate relations with him, and who has himself 
been a student along the lines in which Dr. Bean so 
greatly distinguished himself, should try to tell what he 
accomplished and show how greatly he will be missed. 

The scientific study of the sea and all that therein is, 
has been especially a field for American effort. The 
work that was begun by Commodore Matthew F. Maury 
and Lieutenant John M. Brooke on the physical geogra- 
phy of the ocean, the geology of the sea floor and the 
causes and courses of the oceanic currents was inter- 
rupted by the breaking out of the Civil War, but as soon 
as peace was restored, it was resumed in the magnificent 
set of surveys preparatory to the laying of the first At- 
lantic cable. The deep-sea sounding apparatus devised 
by Brooke was improved and elaborated by Captain 
Charles G. Sigsbee, U. S. N., and the explorations made 
by the various vessels under the direction of the Smith- 
sonian Institution, the National Museum, the Commission 
of Fish and Fisheries, the Coast and Geodetic Survey, 
and the U. S. Navy Department, have enabled American 
scientists to add greatly to the sum of human knowledge 
of the animal and vegetable life in the sea, the meteor- 
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ology of the ocean, its winds, currents and other phoe- 
nomena. The list of careful, accurate and skillful observ- 
ers who have made these additions is a just source of 
pride to our nation, and among the names on this list 
there is none whose position is more honorable than that 
of Dr. Bean. Though his work has not been of a sort 
to attract popular attention there is no one whose work 
has been of greater scientific and practical value. 


Born in Bainbridge, Pennsylvania, he received the de- 
gree of M. E. from the State Normal School at Millers- 
ville, Pa., in 1866. While still a young man he moved to 
Washington and became associated with the scientific 
life of the Capitol. In 1876 he received the degree of 
M. D. from Columbia (now George Washington) Uni- 
versity, and in 1883 that of M. S. from the University 
of Indiana, but his tastes ran more to science than to 
the active practice of his profession. He became asso- 
ciated with Professor Spencer F. Baird, the Assistant 
Secretary of the Smithsonian Institution, who was then 
filling the newly created post of Commissioner of Fish 
and Fisheries; Dr. Theodore N. Gill, the famous ichthy- 
ologist; Dr. G. Browne Goode, with whom he was to be 
affiliated in much of his future work, and the others 
of that group who were making of the new Fish Com- 
mission an institution which Professor T. H. Huxley said 
could not be paralleled in the world. Under these in- 
fluences the scientist that was to be was formed. In 
1878 he was appointed Editor of the Proceedings and 
Bulletins of the National Museum, and every scientific 
student knows the value of these publications. In 1880 
he became Curator of Fishes in the National Museum, 
a position that he filled until 1895, when he resigned to 
become Director of the Aquarium in New York. While 
connected with the Museum he was also closely associated 
with the Commission of Fish and Fisheries, editing the 
Reports and Bulletins from 1889 to 1892, and being As- 
sistant in Charge of the Division of Fish Culture from 
1892 to 1895. He was the representative of the Fish 
Comraission in charge of its exhibit at the Chicago Ex- 
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position in 1893; at the Atlanta Exposition in 1895, and 
at the Paris Exposition in 1900. He was Chief of the 
Departments of Fish, Game and Forestry at the St. 
Louis Expositions of 1902 and 1905. The next year he 
became State Fish Culturist under the New York Con- 
servation Commission, a position which he filled until 
his death. 


Dr. Bean was a prolific writer. Although most of his 
writings are on topics connected with fishes and fisheries, 
they are not confined to them. As far back as in 1886 
a Catalogue of Publications of the Smithsonian Institu- 
tion from its beginning in 1846 to that date, lists fifty- 
three papers by Dr. Bean, and twenty-five by him and 
Dr. Goode jointly. In connection with this collaborator, 
the late Dr. George Browne Goode, Dr. Bean produced 
in 1896 the classic work, “Oceanic Ichthyology,” which 
is still an authoritative text book though published more 
than twenty years ago. Other noteworthy products of 
his pen have been “The Fishes of Great South Bay, L. L.,” 
1890; “The Fishes of Pennsylvania,” 1893; ‘“‘The Salmon 
and Salmon Fisheries,” 1891; “The Fishes of Long Is- 
land,” 1902; “The Fishes of Bermuda,” 1906 and 1912; 
several articles in “The Fishery Industries of the United 
States,” edited by Dr. Goode, and many magazine arti- 
cles and official reports. He was an indefatigable stu- 
dent, and the present writer recalls a vivid picture of him 
in the library of the Smithsonian Institution, poring over 
volumes of almost forgotten lore to check up some refer- 
ence or confirm some quotation. Although he was always 
anxious to know what his predecessors along some line 
of investigation had accomplished, much of his pro- 
found knowledge of aquatic animals was acquired at first 
hand by direct and personal observation, and no one can 
look over a check list of American fishes without being 
impressed by the number of names credited to him, which 
shows how many species he was the first to describe. 


Though he was a scientific zoologist of high order, 
there was nothing connected with the fisheries that was 
foreign to him. He wrote of the methods of taking the 
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fish and on improved means of curing them. He studied 
the foods of fishes with a view to determining the most 
tempting baits for fishermen’s use and to gathering in- 
formation as to the unknown factors that enter into the 
migrations of sea fishes. In 1873 he and the famous fish 
culturist, Livingston Stone, started from the Hudson 
River with a lot of shad fry which they planted in the 
Sacramento River at Tehama, two hundred and seventy 
miles from the sea. So successful was this experiment 
this this splendid food fish has now spread from Mexico 
to Japan, and has become so abundant that in 1892 they 
sold in the markets of San Francisco at from two to 
three cents a pound. The catch has markedly declined 
since that time, but this has not been due to any factor 
involving Dr. Bean. As a fish culturist there was hardly 
his equal in America, and the striking success that has 
attended the efforts of the U. S. Bureau of Fisheries in 
the artificial hatching of fish eggs is largely due to his 
directing skill in the early days of the old Commission. 


Foreign countries have recognized his merit most lib- 
erally. The late Mikado of Japan gave him the Order 
of the Rising Sun; Franee made him a Chevalier of the 
Legion of Honor and an officer of the Merite Agricole, 
while the German Kaiser made him a Knight of the Im- 
perial Royal Order of the Red Eagle, besides bestowing 
on him a magnificent bronze plaque, designed by Pro- 
fessor Breuner of Berlin and cast by H. Goldenbeck & 
Son, the noted bronze founders of Berlin. Indeed there 
is scarcely a government on earth that has not honored 
him in some way. 


It is to those who had the pleasure and honor of his 
personal friendship that the memory of Dr. Bean will 
be most dear. At no time was his deep learning inac- 
cessible to one who sought it, and the present writer feels 
a gratitude that cannot be repaid for the way in which 
Dr. Bean placed his time, his labor and his information 
at the service of an ignorant beginner in the study of 
ichthyology. Brilliant as were his public achievements, 
it is to those with whom he was thrown in private life 
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that his merits are most apparent, and it is those who 
will grieve for him most sincerely. He had a charm of 
personality and a freedom from the intellectual arrogance 
that mars so many men of learning, that made contact 
with him a source of exquisite delight, and the one who 
writes these lines feels that he has lost a friend such as 
rarely enters into a man’s life, and one who will leave a 
gap that will never be filled. 
By CHARLES MINOR BLACKFORD, M.D., 
Staunton, Va. 


G. Wheeler Perce 





BoRN FEBRUARY 27, 1861. DIED JANUARY 6, 1917. 


During the past year the American Fisheries Society 
has lost one of its prominent members and enthusiastic 
supporters who has often been chosen for positions of 
responsibility in it and has discharged. his duties with 
more than ordinary zeal and enthusiasm. Mr. Perce was 
a native of Brooklyn, New York, and the son of Elbert 
Perce, who was himself a fish fancier and an angler as 
well as an author and educator. Little wonder then that 
in rambles along the trout streams of the Catskills the 
father took the boy who thus early acquired that love 
of nature and of nature’s finest sport which accompanied 
him through life and developed into the ruling passion 
in his manhood years. As a boy of nineteen he went to 
western Kansas and in the romantic role of cowboy 
learned the wonders of nature as they presented them- 
selves in that marvelous region. But the greater oppor- 
tunities for success in business lines drew him to Chicago 
where in 1885 he formed business connections with con- 
struction interests which he held to the time of his death. 

At the time of the Columbian Exposition Casting 
Tournament in 1893 he was attracted by this sport and 
remained closely associated with it from that date. In 
1906 the National Association of Scientific Angling Clubs 
was organized at Kalamazoo, Michigan, and he, elected 
as its first president, guided the interests of the new 
organization for five years. He was, however, an ardent 
advocate of the strictest amateur standing in casting 
competitions so that in 1913 he withdrew from the orig- 
inal association to form with others the National Ama- 
teur Casting Association in the work of which he was 
active until his death. His bold and uncompromising 
action on this matter brought criticisms from former 
associates with different views, but with that loyalty to 
principle which always manifested itself in his various 
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lines of work he stood by this principle and the fight 
won recently approval and recognition at the hands of 
the National Amateur Athletic Union. At the time of 
his death Mr. Perce was President of the Garfield Park 
Amateur Casting Club of Chicago. 


In the Illinois Fish and Game Conservation Soceity 
he held prominent offices at various times and devoted 
himself unsparingly to the furtherance of its objects. 
He was an enthusiastic devotee of all measures for the 
protection and conservation of game and food fishes as 
well as a thorough student of ichthyology, and an ardent 
advocate of all measures for the advancement of knowl- 
edge regarding fish for both scientific and practical 
purposes. 

In the American Fisheries Society Mr. Perce always 
displayed the warmest interest. While business kept him 
many times from actual attendance at its sessions he was 
constantly working and writing in its behalf to prospec- 
tive members and in connection with its campaigns for 
the advancement of fisheries interests. He was known 
to those who have participated in active work of the 
Society as a man on whom one could always rely for real 
help and who never spared time or energy in his imme- 
diate compliance with any request which might come to 
him from any officer in the organization. At the time 
of his death he was a member of the Executive Commit- 
tee. He had acted several times as Vice-President in 
charge of the section on Angling, and he had many times 
been prominently mentioned for the presidency of the 
organization, an honor which he surely abundantly de- 
served and which only his innate modesty prevented him 
from receiving. 

Associated with strong convictions and the vigorous 
enthusiasm that looked for action and led in the effort 
to secure prompt and appropriate results, Mr. Perce 
joined a genial personality that made him a welcome 
member of any group. His ability as a story-teller and 
his humor put him at once on a footing of friendship, 
not only with men, but also with children whom he loved 
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most dearly and to whom he was always a welcome 
companion. 

To his other gifts Mr. Perce joined musical talent of 
no mean order. His songs around the campfire will lin- 
ger always in the memory of those who have been privi- 
leged to hear his rich baritone voice sing ““The Old Black 
Bass,” and other songs written and sung for entertain- 
ment at the meetings of the clubs with which he was 
connected. He was also a conductor and a composer, 
and gave freely of his talents when requests came. 


One could not do better than close this all too brief 
sketch with reference to his literary ability, for that was 
exercised chiefly in the field of nature study and angling 
with special reference to the fish he loved so well. He 
contributed articles on such topics as Tournament Cast- 
ing, Fish Conservation, and Nature Study, both in prose 
and verse, to numerous publications, and the unfinished 
poem quoted below, dated January 1, 1917, is suggestive 
of his recent devotion to the art of fly-tying that led to 
designing many beautiful specimens of the art which 
with characteristic generosity were passed on to his 
friends. One of these flies, the De Carmo, “has proved 
a most fascinating lure for trout and been duplicated 
by many fly-tyers.” The little poem which follows bears 
a date only five days before his sudden death from heart 
disease and is probably the last of his literary produc- 
tions. 


THE FLY BOX. 


Nestled together, rows on rows 

With their keen, sharp-pointed toes, 

Here a Hare’s Ear, there a Glory, 

A Royal Coach with a wondrous story. 
Wickhams, Fairies, a tiny Dun 

That could tell of an hour of glorious fun 
At a deep, dark pool, in the shadows dense, 
When the heart beat fast and nerves were tense. 
And six bright beauties rose and took 

Each in his turn that fateful hook. 

And I care not whether they’re wet or dry, 
Fancy or Somber, yea, notI.... 

I love them all, yes, every fly. 


From Outer’s Book, May, 1917, 


By HENRY BALDWIN WARD, 
Urbana, Iil. 
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CONSTITUTION 
(As amended to date) 


ARTICLE I 


NAME AND OBJECT 


The name of this Society shall be American Fisheries 
Society. Its object shall be to promote the cause of fish 
culture; to gather and diffuse information bearing upon 
its practical success, and upon all matters relating to the 
fisheries; the uniting and encouraging of all interests of 
fish culture and the fisheries, and the treatment of all 
questions regarding fish, of a scientific and economic 
character. 


ARTICLE II 


MEMBERSHIP 


Active Members.—Any person may, upon a two-thirds 
vote and the payment of two dollars, become a member 
of this Society. In case members do not pay their fees, 
which shall be two dollars per year after first year, and 
are delinquent for two years, they shall be notified by the 
treasurer, and if the amount due is not paid within a 
month thereafter, they shall be, without further notice, 
dropped from the roll of membership. 

Any library, sporting or fishing club, society, firm or 
corporation may upon two-thirds vote and the payment 
of the regular annual fee, become a member of this So- 
ciety and entitled to all its publications. 

Life Members.—Any person shall, upon a two-thirds 
vote and the payment of twenty-five dollars, become a 
life member of this Society, and shall thereafter be ex- 
empt from all annual dues. 

Patrons.—Any person, society, club, firm or corpora- 
tion, on approval by the Executive Committee and on 
payment of $50.00, may become a Patron of this Society 
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with all the privileges of a life member, and then shall 
be listed as such in all published lists of the Society. The 
money thus received shall become part of the perma- 
nent funds of the Society and the interest alone be used 
as the Society shall designate. 

Honorary and Corresponding Members.—Any person 
can be made an honorary or a corresponding member 
upon a two-thirds vote of the members present at any 
regular meeting. 

The President (by name) of the United States and the 
Governors (by name) of the several states shall be hon- 
orary members of the Society. 

Election of Members Between Annual Meetings.—The 
President, Recording Secretary and Treasurer of the So- 
ciety are hereby authorized, during the time intervening 
between annual meetings, to act on all individual applica- 
tions for membership in the Society, a majority vote of 
the Committee to elect or reject such applications as may 
be duly made. 


ARTICLE III 


SECTIONS 


On presentation of a formal written petition signed 
by one hundred or more members, the Executive Com- 
mittee of the American Fisheries Society may approve 
the formation in any region of a Section of the Ameri- 
can Fisheries Society to be known as the Section. 

Such a Section may organize by electing its own of- 
ficers, and by adopting such rules as are not in conflict 
with the Constitution and By-Laws of the American 
Fisheries Society. 

It may hold meetings and otherwise advance the gen- 
eral interests of the Society, except that the time and 
place of its annual meeting must receive the approval of 
the Executive Committee of the American Fisheries So- 
ciety, and that without specific vote of the American 
Fisheries Society, the Section shall not commit itself to 
any expression of public policy on fishing matters. 
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It may further incur indebtedness to an amount nec- 
essary for the conduct of its work not to exceed one-half 
of the sum received in annual dues from members of 
said section. 

Such bills duly approved by the Chairman and Re- 
corder of the Section shall be paid on presentation to the 
Treasurer of the American Fisheries Society. 


ARTICLE IV 


OFFICERS 


The officers of this Society shall be a president and a 
vice-president, who shall be ineligible for election to the 
same office until a year after the expiration of their term; 
a corresponding secretary, a recording secretary, an edit- 
or, a treasurer, and an executive committee of seven, 
which, with the officers before named, shall form a coun- 
cil and transact such business as may be necessary when 
the Society is not in session—four to constitute a 
quorum. 

In addition to the officers above named there shall be 
elected annually five vice-presidents who shall be in 
charge of the following five divisions or sections: 

1. Fish culture. 

2. Commercial fishing. 

3. Aquatic biology and physics. 

4. Angling. 

5. Protection and legislation. 

Vice-Presidents of sections are expected to present re- 
ports at each annual meeting. 


ARTICLE V 


MEETINGS 


The regular meeting of the Society shall be held once a 
year, the time and place being decided upon at the pre- 
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vious meeting, or, in default of such action, by the execu- 
tive committee. 


ARTICLE VI 


ORDER OF BUSINESS 


. Call to order by president. 
. Roll call of members. 
. Applications for membership. 
. Reports of officers. 
a. President. 
b. Secretary. 
c. Treasurer. 
d. Vice-Presidents of Divisions. 
e. Standing Committees. 
5. Committees appointed by the president. 
a. Committee of five on nomination of officers 
for ensuing year. 
b. Committee of three on time and place of next 
meeting. 
ce. Auditing committee of three. 
d. Committee of three on programme. 
e. Committee of three on publication. 
f. Committee of three on publicity. 
6. Reading of papers and discussion of same. 
(Note—In the reading of papers preference 
shall be given to the members present.) 
. Miscellaneous business. 
8. Adjournment. 
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ARTICLE VII 


CHANGING THE CONSTITUTION 


The constitution of the Society may be amended, al- 
tered or repealed by a two-thirds vote of the members 
present at any regular meeting, provided at least fifteen 
members are present at said regular meeting. 
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FISH, FOREST AND GAME PROTECTION IN QUEBEC. 


By Hon. Honore MERCIER, 
Minister of Colonization, Mines and Fisheries, Quebec, Canada. 


I esteem it a great privilege to take part in the proceedings 
of this convention and to profit by the experiences of the many 
here assembled who are distinguished authorities upon the subject 
of conservation in general and fish and game in particular. Many 
of you come from states where the lack of proper conservation in 
the past necessitates the propagation of game as well as its pro- 
tection, and all of us understand that present failure to protect 
what game we have must soon result in its complete disappearance. 
The extinction of the great auk, of the wild pigeon and the wild 
buffalo are constant reminders of the duty imposed upon us, of 
passing on to those who shall come after us, the rich supply of 
fur, fin and feather which has come down to us from former 
generations. Even in the vast Northern wild lands of the country 
from which I come, and in the far northwest of Canada, as well as 
in its far northeast, conservation is the duty of the hour, and 
active measures are essential to restrain the greed of gain from 
playing havoc with the remaining fauna of our northland. 


Let me occupy a few moments of your time in telling you of 
some of the problems which confront me and the officers of my 
Department and of just a few of the natural conditions of our 
province; a province which has some claims upon your con- 
sideration, not only because of the very great numbers of sports- 
men from these United States who go there for their fishing and 
hunting, but because of the vast numbers of your game birds 
which have their breeding grounds there. 


The Province of Quebec, today, occupies just double the 
territory of the Quebec of five years ago. Prior to 1912, it had 
an area of 351,873 square miles. In that year, all the territory 
of the mainland of North America to the north of our then northern 
boundary, extending to Ungava Bay and Hudson Straits, having 
a superficies of 351,780 square miles, was annexed to our province, 
giving us a total area of 730,653 square miles, or over four hundred 
and fifty millions of acres. In other words, we have now a province 
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about one-quarter as large as the entire United States, six times 
the area of the British Isles, and three and a half times as large as 
either France or Germany. 

Fully ten million acres of our territory is covered with water. 
Not more than 50,000 square miles of our total of 730,653 square 
miles is organized territory and even of this latter a large part is 
still covered with forest growth, and the balance, outside of the 
cities and towns, is but sparsely populated. Five thousand 
souls would probably prove to be a very exaggerated estimate of 
the entire population, whites, Indians and Esquimos, of the 
northern half of the province, or less than one inhabitant to each 
70 square miles. In the interior of this vast territory various 
kinds of fur and feathered game roam practically undisturbed. 
Marvellous stories are told of the enormous quantities and size 
of the salmon and sea trout of Ungava Bay, of the white or polar 
and other bears of our northern coast, and of the trout of the 
Hamilton and other inland waters. 

The richest and rarest furs of the black, silver, cross and white 
fox, of the mink, marten, fisher, skunk, otter and muskrat, come 
from our far north. It is estimated that the Province of Quebec 
furnishes more than half of the four million dollars worth of furs 
shipped annually from Canada to the United States, in addition 
to the large quantities exported via the Hudson Bay route to 
London and Paris by the Hudson Bay Company, Revillon Freres 
and others, and without taking into consideration those which 
are manufactured for local consumption. Until last year the 
province received no return whatever from its large production 
of furs, but the new law which I had the honor of submitting to 
the Legislature, gives my Department perfect control of the 
trade in native pelts, and imposes upon them a royalty of some- 
thing like 5 per cent. of their value. Thus the people of the 
province are now sharing, to a small extent at least, in the large 
profits which the fur-dealers have been receiving out of one of our 
country’s important natural products. This revenue will give 
us the means of creating a still better organization for protec- 
tion and conservation. 

By far the larger production, so far, of Quebec furs marketed 
are taken in the wild portions of the southern or more settled 
parts of the province, so that a large measure of protection, 
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based upon a proper observance of closed breeding seasons, 
is necessary to the maintenance of the supply. Propagation, 
in the shape of fur farming, has been encouraged since 1913 by my 
Department. In that year we published a small handbook 
on the subject, for the guidance of farmers who desired to add this 
branch of industry to their farming operations, and we also issued 
permits for the capture, at any time, of a limited number of fur 
bearers for parent stock. Previous to 1913 only a few isolated 
attempts at fur farming had been made in Quebec Province. 
At the present time, there are over fifty private ranches there 
for the propagation of fur bearing animals, and some of them 
have been extremely successful. 

In the Province of Quebec, matters connected with fish and 
game have always been under the control of one of the Ministers 
of the Crown, responsible to the Legislature. At present, and 
for some twelve years past, it has been under the management 
of the Department over which I have now the honor to preside— 
the Department of Colonization, Mines and Fisheries. The 
Fish and Game Branch is one of the principal divisions of this 
Department. 

Outside of my departmental assistants in this branch, we have 
a large and efficient staff of fish and game guardians. Of these 
no fewer than 138 are salaried by the government. There are 
55 voluntary guardians without salary, (that is, sportsmen and 
conservationists) who because of their attachment to the cause, 
have asked to be sworn in as provincial wardens for the protection 
of fish and game, and who render efficient service without public 
reward of any kind. The 512 lessees of fishing and hunting rights in 
Quebec employ and pay 600 club guardians, making a total of 
793 official fish and game wardens. All of these, including the 
club guardians, have commissions as fish and game wardens 
issued by the Department. Every one of them has the power 
of a constable. 

Just here a word of explanation is necessary concerning the 
512 lessees of fishing and hunting rights above referred to. The 
Province of Quebec is the only one of the Dominion which offers 
to sportsmen the practically exclusive privileges of fishing and 
hunting over large tracts of forest, lake and river territory. These 
privileges are leased to residents and non-residents alike. Non- 
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residents who are lessees of such privileges, or who are members of 
a club leasing the same, are entitled to non-resident fishing and 
hunting licenses at the lowest rates, which are only one half the 
prices charged to other non-residents, and in some instances even 
less. 

The unsettled territory of the Province of Quebec, as I have 
already shown, is enormous, so that, notwithstanding the fact that 
over five hundred leases have already been granted to sportsmen, 
there are thousands of miles of good sporting territory still avail- 
able for private preserves. Many of these leases of fishing or 
hunting territory, or of both fishing and hunting privileges com- 
bined, are held by private individuals; but over two hundred 
fish and game clubs are incorporated in the province, nearly all of 
which are lessees of fishing and hunting territory. 

Some clubs, having a large membership and controlling fishing 
and hunting rights, exercise these rights over extensive tracts 
of country, from one hundred to two hundred square miles each 
in extent. Others are, of course, very much smaller. The law 
limits to two hundred square miles the extent of territory that 
may be held for hunting and shooting purposes by any one club, 
and five dollars a mile per annum is the minimum price that can 
be charged for shooting privileges. 

The amount of rental charged for fishing rights depends upon 
both their quality and accessibility. The prices paid for them are 
in every case exceedingly reasonable. Leases for both shooting 
and fishing privileges are usually made for a term of five years, 
but are renewable for similar terms, though always at a compara- 
tively slight advance in the rental, because of the increasing 
demand for such rights and their rapid improvement in actual 
value. 

Many clubs and private individuals erect comfortable camps 
upon their leased fish and game preserves, and some of them have 
built really luxurious summer homes in the gorgeous woods of 
our north country, often overlooking a charming bit of lake or 
river scenery. Here they spend their summer vacation or come 
to enjoy their autumnal or winter hunt, often accompanied by the 
members of their families. 

Now, let me emphasize this: the protection of fish and game 
was the main purpose of the leasing system, and this purpose it has 
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admirably served. In the incorporation of fish and game clubs, 
it is the principal object for which the incorporation is granted, and 
in all the leases of either fishing or hunting territories, the main 
condition of the lease is the protection of fish and game and the 
enforcement of the fish and game laws. It is in consideration of 
this protective work that the valuable privileges of practically 
exclusive fishing, hunting and camping are leased on liberal 
terms to Fish and Game Protective Clubs and to individual 
sportsmen. 

Some of the clubs have quite a large membership, and in addi- 
tion to their club-houses, their territories can now boast the 
existence, in various picturesque surroundings, of private camps 
or bungalows or other summer homes. 

The Province has the benefit of the personal conservation work 
of its lessees of fishing and hunting rights, and of members of fish 
and game clubs, as well as of the 600 guardians employed by them, 
and in their own interest they become protectors of the forest 
as well as of the wild life of the woods. The importance of this 
forest protection is kept carefully before sportsmen in all the 
advertisements and other publications of the Department. 

There is also quite an army of fire and forest rangers under 
control of the Department of Lands and Forests, and all of these 
are also ex-officio fish and game wardens. These men are almost 
constantly in the woods, and are therefore in an excellent position 
to detect infringements of the law. The members of the pro- 
vincial Police and Detective Department are also fish and game 
wardens ex-officio. 

This staff of wardens succeed in securing a fairly satisfactory 
enforcement of the fish and game laws, and in prompt detection 
and punishment of offenders. They have also the benefit of 
the aid of fish and game protective associations in Montreal and 
Quebec, composed of several hundred members each. These 
associations also employ fish and game wardens appointed by 
my Department, which gives an annual grant towards the payment 
of their salaries and expenses. 

Our staff of wardens succeeded, between the lst of January, 
1916, and the Ist of July, 1917, in obtaining more than 350 con- 
victions for violations of the law, involving fines to a very large 
amount. Among those recently prosecuted for infringement 
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of the game laws are some of the oldest and most influential 
corporations of Canada. One of these companies after a number 
of other prosecutions, which failed to procure respect for the law, 
has been lately condemned to a total fine of several thousand 
dollars, exclusive of the costs, and involving also the confiscation 
of 2000 pelts. These skins, of which three-quarters are beaver 
skins, represent a total value of about $7,000.00. We firmly 
believe that such results as these will produce excellent effects, 
proving to the average citizen that game laws are not enforced 
alone against the lower orders of the people, and showing the 
wealthy that none are rich enough or influential enough to be 
above the reach of the law. 

I have referred to the intimate connection between forest 
protection and the conservation of fish and game. It may interest 
you to know what our province has done and is still doing for the 
conservation of its forests. It has a system of fire and forest 
rangers which includes the services of nearly a hundred forest 
rangers and about four hundred fire rangers and each of these is 
also, ex-officio, a fish and game warden. They are appointed by 
the Department of Lands and Forests and their names are sug- 
gested by the lumbermen who have acquired the right to operate 
in parts of the Crown forest. These holders of timber limits 
have been organized by the Department into co-operative associa- 
tions for protection against forest fires and they receive every 
year financial aid from the Government. 

It would be interesting for members of an association like 
yours to go through our game laws and see how severely we are 
now dealing with poachers. Records are kept of all infractions 
and we have in the Department a copy of every judgment rendered. 
We have the name of every one against whom an action is taken, 
the nature of the offense and also the place where it occurred. 
This allows us at a glance to pick up the record of former offenses 
and by sending to the prosecuting officer a copy of judgment 
obtained previously, to establish before the court the status of the 
accused. 

For a third offense, there is now a fine of from one to five 
hundred dollars for each infraction. That is to say, if a person 
is caught with 100 beaver skins, he is liable to a fine of $1,000.00 
up to $5,000.00. 
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But if we believe that it is our duty to protect the game on 
our territory, we believe also that it is our duty to work in con- 
junction with our neighbors and to help them protect their own. 
This is the reason why, during the last session of the Legislature, 
I had a special section inserted in the law which empowers me 
not only to seize game taken illegally on the territory of the 
Province of Quebec, but also game unlawfully killed or taken out- 
side the province and brought in, and to send such game to the 
proper authorities of the state or province where it was illegally 
taken. 

This part of our law has already been put into operation with 
two of our Canadian provinces and I am ready to work it out 
with the State of Maine and any other state which may be 
interested. 

The salaries of the fire rangers are paid by the lumbermen 
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forests. Our forests, capable of producing saw logs, pulp wood, 
etc., cover 130 millions of acres. Of these, six to seven millions 
are in private hands, the balance being public property, though 
the right to cut timber on 45 million acres has been let to lumber- 
men. From these leases and from stumpage dues on timber cut 
on these “‘limits,’”’ as they are called, the province derives a large 
revenue every year. 

The value of our standing timber has been conservatively 
estimated at six hundred millions of dollars. The necessity for a 
scientific management and efficient conservation of this valuable 
domain inspired the Government of Sir Lomer Gouin in 1905 
to take steps looking to the establishment of a skilled forestry 
service. Two young men, who now head that service, were sent 
to the Forestry School at Yale. After graduation they visited 
the principal European forests, and organized the Forestry Service 
in 1909, which was followed the next year by the opening of a 
School of Forestry at the University of Laval, in Quebec. The 
Forestry Service has charge of the forest rangers, and includes 
thirty-three forestry engineers. Under its system of inspection 
the wild lands of the province are classified as to their suitability 
for agriculture or for forest growth. Waste lands and those 
which have been stripped of trees and are unfit for agriculture, are 
being planted with nursery stock. 
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Reforestation is being encouraged in every possible way and a 
provincial nursery for forest trees has been established at Berthier- 
ville, capable of producing millions of infant trees. Since its 
establishment more than 1,500,000 infant trees have been shipped 
to the lumber companies, private individuals, scholastic institu- 
tions, etc. With all due precautions against forest fires and with 
a generous encouragement of the reforestation movement, there 
is reason to look forward to an increased rather than a lessened 
area of forest growth, so essential to the national wealth and the 
conservation of our water supply and fish and game. 

There are several forestry reserves in our province. We have 
also three fish and game reserves: the Laurentian Park, 2531 
square miles; Trembling Mountain Park, 14,750 acres, and Gaspe 
Park, 2,500 square miles. The first one is already organized and 
the others also will soon be organized. 

I feel that I should not conclude these remarks without con- 
gratulating you upon the final adoption of the treaty, between the 
rulers of our respective countries, for the protection of migratory 
birds, in the passage of which considerable interest was. man- 
ifested by the Department over which I have the honor to preside. 
Our laws have been for many years past in unison with the pro- 
visions of this treaty, and if they had not been so it would not have 
taken long to have made them so. 


IMPORTANCE OF A PERMANENT POLICY IN STOCKING 
INLAND WATERS. 


By JoHn W. Titcomps, 
State Fish Culturist of New York. 


Had I been requested to talk on this subject twenty years ago 
I should have accepted the invitation with less hesitation than I 
did for this occasion. The longer and more varied one’s experience 
in the conservation of the aquatic resources of this country, the 
more apparent and complex become the difficulties which present 
themselves when attempting to discuss the subject in a brief 
address before an association which is national in scope. 

I shall therefore confine myself specifically to waters of the 
latitude with which I am more familiar, but at the same time I 
shall outline a plan which may be applied to all states. 

Just at this crisis in our history the fishery resources of the 
country are receiving especial attention and many impractical 
recommendations have been made by well intentioned persons 
who are not familiar with the subject, as well as by some who, from 
selfish motives, want to let down the bars to conservation and 
to disregard the laws of nature which are the basis for regulations 
in regard to the methods and seasons for taking fish. A recent 
news item says that “By direction of the Governor of Wisconsin, 
the Conservation Commission of that State will seine all rivers 
within their jurisdiction for rough fish to combat the rising prices 
of foodstuffs.’”’ Another item says that “Iowa will probably 
be the first State to amend the laws in order to permit the free 
use of rough fish in the Mississippi River.’’ College professors 
have come forward with recommendations to loosen up on the 
laws for the protection of fish during the present war. Incidentally 
I may say that similar appeals are being made to those in authority 
with reference to the taking of all kinds of game. 

In commenting on this let me say that proper regulations 
for the protection of fish are as essential to the stocking of our waters 
as is fish culture and all efforts relevant thereto, and that if the fishery 
laws of the various states were fundamentally right before the war 
they are just as essential today as they were then. 


II 
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In a crisis like the present one, it is quite proper that we should 
scrutinize our fish laws with a view to ascertaining whether 
they are sound, and if not, steps should be taken, by legislation 
if necessary, which will permit the taking of fish to the fullest 
extent permissible without depleting the annual supply; but all the 
regulations with reference to the fisheries should be so admin- 
istered that the annual crop of fish next year and in years to come 
will be greater than it is this year. Let us hope that we may 
never be obliged to draw upon our national resources to the extent 
of depletion, but let us properly conserve our resources now in 
order that we may be prepared to meet any emergencies which 
may arise in the future. 

There are undoubtedly instances in nearly all states where 
food fishes, which do not readily take baited hooks, are protected 
at all times by laws which permit the taking of fish by angling 
only. In many waters the presence of carp, suckers and other 
rough fish is a hinderance to the natural reproduction of the 
species which it is desired to encourage. In such instances the 
commissioners or those administering the laws should have 
authority to remove and to permit others to remove such fishes 
under proper regulations. In other words, the farming of a body 
of water should be with a view to maximum annual production 
of the kind of fish crop that it is desired to produce. Fishes 
which are detrimental to that crop should be treated as vermin. 
Fortunately this sort of vermin, at the present time, is a valuable 
food resource if made available. 

I do not imagine that you expected a dissertation on pro- 
tection in connection with the restocking of waters, but you will 
agree with me that regulations are as essential to the attainment 
of results as is fish culture in all its phases. 

Fish Commissioners come and go. I am sorry to say that I 
have seen only a few here today whom I have met at earlier 
conventions, which I have attended during the past twenty-seven 
years. Now what shall we do to overcome this condition? We 
have good men on the Boards of Commissioners, who are serious 
minded, self sacrificing and public spirited. When first appointed 
most of them know very little about conservation, either fish 
cultural or protective. The more they are connected with the 
work the more interested they become and the more they realize 
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its importance. Soon after they begin to be thoroughly interested 
and to learn about the needs of the various waters under their 
jurisdiction, out they go and a new commission is appointed. 

In the early days, those who were interested in fish culture 
or in restocking waters, knew less about the subjects than they 
do today. Very few people realized the seriousness of introducing 
to certain waters fishes which were not only indigenous, but 
on the other hand were antagonistic to the native inhabitants of 
such waters. Consequently many more mistakes were made 
then than are made today. In the Northern States, especially 
in New England and New York State, when the trout became 
depleted, it was discovered that the basses, both large and small 
mouth, are very prolific and that the introduction of a few pairs 
into a depleted trout pond showed quick results. As a sequence 
the commissioners introduced the bass into many trout waters. 

The bass increased rapidly and thrived until the few remaining 
trout were exterminated. When this food was exhausted, the 
bass, in several instances, became a stunted race because of the 
lack of food; in other instances they furnished indifferent fishing. 
Some of these waters are of too small area and of too low a tem- 
perature to expect satisfactory results with the bass, which require 
large range and more food than the trout which they replaced, 
but the bass are there and what are we going to do about it? 
They do not easily respond to poison as do many other species. 
If the pond or lake can be drawn to a small area, either by excava- 
tion at the outlet or by siphoning, it may be possible to clean them 
out and start over again. This plan is feasible only in com- 
paratively few waters. For other waters we must accept the 
bass permanently and in order to make the waters most pro- 
ductive it is important to introduce some other species which will 
not only furnish food for the bass, but will also produce food 
for the people who are not expert anglers. One of the commonest 
fishes to be introduced has been the yellow perch. It is a very 
prolific and good food fish and has the advantage of being easily 
caught by women and children. 

In many waters, such as | have described, pickerel have been 
introduced, not usually by the commissioners, but by individuals. 
Trout waters which contain pickerel, but which do not contain 
black bass, may be restored to their former conditions by destroy- 
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ing the pickerel by the use of copper sulphate. In most instances, 
however, this is too large an undertaking, and here again the 
production of a lake may be increased by the introduction of 
yellow perch, and if the waters are of large area the pike perch 
may prove a valuable acquisition. Some of the waters which I 
have described are fed by trout streams and, if they are quite 
cold, the bass or other introduced enemies of the trout may not 
be so serious a menace to the latter, if the protective close season 
is not applied. In such instances those most competent to judge 
should decide upon the species, which, under existing conditions, 
will produce the best results. 

If it is decided to specialize with trout, stock with that species 
annually and introduce food for them if necessary. Give the 
commissioners power to annul the close season on black bass 
for that particular water, or have the open season the same as 
for the trout. In other words, do not protect two antagonistic 
species of fish in the same waters, or attempt to please the tastes 
of both the trout fisherman and the angler for bass by restocking 
the same waters with both species. Another way to encourage 
the trout in such a lake and at the same time reduce the number 
of bass, is by screening the nests of bass before the fry scatter, 
making it possible to thereby effect their removal to suitable 
rearing waters, or directly to waters in which it is desirable to 
specialize with the bass. It may be that some natural trout lakes 
contain also yellow perch. It is a very simple matter to annually 
patrol the shallows of the lake during the spawning season of the 
perch and to take up and transfer the spawn of the perch to 
hatcheries, or directly to waters where it is desired to encourage the 
perch. These suggestions with regard to the removal of bass 
fry or perch spawn are equally applicable to other species of fish, 
and it may readily be seen that by carrying out this policy, one is 
not only conserving the trout, but is also conserving the young 
or eggs of a species of fish objectionable in that particular water, 
but very valuable in some other body of water. 

In the state which I represent, three species of trout are 
propagated, namely, native brook trout, the German brown 
trout and the rainbow, or steelhead trout of the Pacific Coast. 
Experience has shown that both the brown and rainbow trout are 
very destructive to the native trout, and yet they are a valuable 
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acquisition to some waters of the state which, during the summer, 
become too warm to meet the requirements of the native 
species. 

In looking over the records of the past eighteen years I find 
that one of the more important lakes in New York has been 
stocked with thirteen different species of fish. Without enum- 
erating the species, you all know that it is impossible to expect 
successful results with so many species, and you also know that 
many of these species must have been antagonistic to each other. 
Undoubtedly there were applications for all of the species that 
have been introduced. There is a tendency among anglers, 
who do not give a thought to the serious results which may follow, 
to ask for some new species which they have heard about, or 
which they have enjoyed catching in some waters to which they 
were native. It has been the habit of fish commissioners to cater 
to the many tastes of the individuals. It is impossible, however, 
to suit every individual in one particular water. The trout 
fisherman must go to the natural trout waters and the bass fisher- 
man must go to the waters which are naturally productive of bass, 
in order to obtain good fishing. 


Lake Sunapee, in New Hampshire, is well known to anglers 
from almost every state in the Union. This lake also has received 
many species of fish. I wrote one of the former commissioners 
of New Hampshire in regard to this lake. His reply was ‘‘Fishing 
all gone to hell; not a salmon this spring. The Chinooks were 
good for a time, but do not reproduce and have all been caught 
out. They have dumped lots of fish in the lake, but they seem 
to do us no good.”’ I might go on giving specific illustrations of 
this kind indefinitely, but it is unnecessary. You all know the 
conditions of your own waters and whether you are propagating 
or protecting in the same waters species which are antagonistic 
to each other. 


It becomes apparent that in order to obtain the best results, a 
permanent policy must be established with regard to each stream, 
pond or lake which is to receive attention. In other words, the 
commissioners of the different states should have a survey made 
of all the waters under their jurisdiction which are to receive 
any attention in the way of restocking. The results of the survey 
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should be published in such a way that the successors of those who 
establish the policy may have something to guide them in their 
efforts with reference to the same waters. 


In New York State a beginning has been made along these 
lines by investigation of the streams of Oneida County. This 
county has an area of 1100 square miles and is drained by four 
river systems. The fish producing power of these waters is 
unusually large. During recent years several fish and game pro- 
tective associations have assumed almost entire charge of the 
planting of these streams with trout and in most instances it 
has been the custom for these associations to apply for brook, 
brown and rainbow trout for each public stream, notwithstanding 
the fact that it has been conclusively proved that brown and 
rainbow trout are very destructive to the native brook trout. 


The working plan resulting from this investigation has proven 
most satisfactory. It has been found desirable to take the entire 
river system into consideration; not merely individual systems, 
for brown trout planted in one stream in the system will in time 
work into the other systems, unless prevented by dams or other 
obstructions. This change made as the result of these working 
plans will tend to eliminate much waste of the state hatchery 
products and to develop the streams of the country to their highest 
efficiency as fish producers. It is hoped that similar work may be 
done in other counties to the end that a permanent policy may be 
made as a guide, not only to the state authorities who have to do 
with the stocking of such waters, but also that the United States 
Bureau of Fisheries, in response to applications for fish to stock 
the waters of New York, may act in unison with the State author- 
ities with reference to the treatment of these waters. 


In Vermont a step in the same direction has been taken by 
using the State Highway Map on which the various lakes and 
ponds have been brought out in strong colors and numbered. 
A key to the map accompanies it, and opposite each number 
information is given as to the name of the pond, its present 
inhabitants, water area, whether the pond has been reservoired 
or not and the future policy as to the kind of fish to be introduced. 
If the state and federal authorities of the future adhere to this 
policy, a great waste of good material will be avoided. 
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The information as to whether a pond is reservoired or not is 
given for the guidance of prospective purchasers of shore property 
for summer homes. In some instances the reservoiring of lakes 
is harmless. As to how the fishing will be affected depends upon 
the extent of the abnormal conditions created by reservoiring the 
waters and then drawing them at seasons of the year other than 
the natural ones for a large outflow. On general principles, the 
lakes and ponds which are most unlikely to be reservoired and 
drawn—in other words, the waters which are most likely to remain 
natural—are the ones in which the future fishing can be relied 
upon to be as good or better than it is now. It is a fact well 
recognized in other states that the reservoiring of lakes for water 
power purposes is detrimental to the fishing. For illustration, 
Rangeley Lake in Maine has been twice raised until now it is 
eighteen feet higher than the natural level. Asa result, the trout 
fishing in the most famous of Maine lakes has been gradually 
falling off ever since the water level was raised. 


The question of increasing the food fishes to meet the crisis 
under present war conditions has led to recommendations 
indicating that many people do not realize that fish caught by 
angling are food fishes, even though they are also catalogued as 
game fishes. It must be borne in mind, however, that many of 
our waters are better suited to the cultivation of so-called game 
fishes, like the trouts and basses, than they are for the species 
of fish commonly described as commercial fishes. 


The selection of a proper species of fish when attempting 
to stock any body of water is of utmost importance in order to 
obtain permanent results. It is not necessary to have special 
application blanks for the different species. The form which 
is to be filled out by the applicant should give sufficient information 
to guide the commissioners in the selection of the species of fish 
to be assigned. The preference of the applicant should be stated, 
but unless it is a species which will produce the most satisfactory 
results and be in conformity with a permanent policy, an explana- 
tion should be sent to the applicant as to the kind of fish assigned 
and the reason for making the assignment. 


Next, if not equal in importance, to a proper species of fish 
for stocking a given body of water, is the manner of fish planting. 
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Ordinarily it is left to the applicant to plant the fish. He is 
usually furnished with printed instructions how to plant fish; 
sometimes he reads these instructions, but very frequently he 
does not do so. It is necessary therefore to have a campaign of 
education as to the importance of properly tempering the water 
when transferring the fish from the cans to the waters which are 
to be their permanent homes, as well as other important features 
for the attainment of successful results. It is almost imprac- 
ticable for any commissioner to undertake to supervise the planting 
of fish, except in waters where large quantities of commercial 
fishes are being introduced. For the game fishes it is expected 
that the local anglers will be sufficiently interested to receive and 
plant the fish, but nothing but constant hammering will educate 
these people to persevere in their enthusiasm at the time of receiv- 
ing fish until they have actually got them into the waters in proper 
condition. When it becomes known that an applicant has not 
properly followed the instructions as to planting fish, any further 
applications from him should be refused. 


I have been discussing a policy with reference to ordinary 
streams, ponds or lakes. The policy with regard to waters of 
large area may be varied somewhat from the permanent policy 
which should be established with the smaller lakes. The species 
to be selected for the larger lakes is dependent to some extent 
upon whether reliance is to be placed on artificial propagation to 
maintain the supply, or whether, after once introduced, a pro- 
tective close season and natural reproduction are to be depended 
upon. 

In any attempt to establish a permanent policy with reference 
to the selection of species for stocking a water system, it is apparent 
that the farm fish pond and the privately stocked and posted 
stream must be under the supervision of the commission and that 
the proper selection of species to be encouraged in these privately 
controlled waters must be made with reference to its effect upon 
the inhabitants of the public waters to which they are tributary. 

In this connection I ask your indulgence while I wander 
from the subject to say that we should encourage the fish pond 
on the farm by furnishing fish to stock such private waters at 
cost, just as the states supply trees at cost for reforestation. 
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The owners of artificial ponds which do not receive a supply 
of fish from public waters, but which are stocked at the owner’s 
expense, should have perfect freedom to take the fishes from these 
ponds at all seasons, but they should be under the direction of the 
commissioners as to the species propagated when such ponds 
empty into public waters. 

In the encouragement of fish ponds on farms, progress in this 
direction will never be what it ought to be until the public are 
educated to recognize private ownership of fishes which are 
artificially propagated or privately controlled in ponds privately 
owned. Under present conditions public sentiment is such 
that people will steal fish who will not steal umbrellas. 

The owner of the private fish pond must also be encouraged 
and educated as to how to construct his pond and as to the results 
he may expect from the utilization of his waters. He should also 
be instructed as to the species of fish that will probably thrive 
best in the proposed pond. I recently had an inquiry from a man 


who wrote as follows: “I have a small lake of fresh, running 
water. I would like to raise in it flounders, carp and pike; let 
me know whether these fish will stay in such waters.’’ It is 


needless to comment before a body of fish culturists as to the 
ignorance of the public on this subject. Another man recently 
wrote asking for young fish for a lake 75 by 175 feet, and expressed 
a preference for pickerel, bass, trout and white perch. You will 
all agree with me that one cannot off-hand make recommendations 
for the kind of fish suitable for this man’s little pond, but to give 
you an idea of the action taken in this matter there follows a 
copy of the letter which was written in reply. 


“Receipt is acknowledged of your letter of May 7th, making 
request for a number of species of fish for a small lake 75 by 175 
feet. From the size of the pond it is assumed that it is a lake over 
which you will wish to retain your personal control, and for that 
reason will not want to receive fish from the state which would 
necessitate opening the waters to the public. If such is not the 
case, it is suggested that you use the enclosed application blank 
to describe more particularly the water and give other information 
called for. If you desire to purchase fish, the commission will 
give you a list of dealers, and in that case if you will fill out the 
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portion of the application blank which describes the lake more 
particularly, this office will be in a position to advise you as to 
which species to select. The introduction of pickerel, bass and 
trout to so small a body of water means that the pickerel and bass 
would quickly destroy all of the trout. They would then prey 
upon each other until it would be a survival of the fittest. Fora 
lake of that area neither pickerel nor bass is suitable. If the 
waters are sufficiently cool, with a constant flow of cold water 
through the lake, trout are recommended.”’ 


SUMMARY. 


In summarizing, allow me to condense what I have said and to 
add to it by making some specific recommendations. 


1. List the waters under your jurisdiction and establish a 
permanent policy as to the species with which you will specialize 
in each. 


2. Prohibit the introduction of any species of fish foreign 
to the waters, unless approved by the commission, and also the 
introduction of any species contrary to the established policy; 
this to include connecting privately stocked and controlled 
waters. 


3. Co-operate with the United States Bureau of Fisheries 
in the adherence to a permanent policy as to the selection of 
species for restocking waters in which both authorities are 
interested. 


4. Give the commissioners power to exterminate and market 
rough fish at any time and by any means, either directly or by the 
issuance of licenses. By rough fish is meant those kinds which 
are antagonistic to the maintenance of a successful, permanent 
policy already decided upon. It is immaterial for statistical 
results whether fish are taken by nets or by hook and line. How 
fish are taken should be regulated according to local conditions 
and effects upon property values. In this connection the value of 
recreation, as an asset in its effect upon property values, must not 
be under rated. 
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5. The selection of species for planting in any water system 
should be determined with reference to a permanent policy, in 
the hope that our successors will continue the policy which we 
have established. 


6. A campaign of education as to the importance of care in 
planting should be waged in order to save wastage. 


7. Educate the public also to appreciate private property 
rights in fish when privately propagated entirely under the control 
of the owner. 


8. In the present crisis, conservation of our resources is of 
greater importance than at any previous time in our history, and 
proper regulations for the protection of fishes is as important as 
fish propagation. 


9. The farming of our waters should be with a view to max- 
imum annual production of the kind of fish crop that, after careful 
investigation, it is decided to specialize in. 


10. The retention in office of men conversant with the 
propagation and protection of fishes is essential to insure the 
best results. 


11. Finally, build for the future generations regardless of 
present political conditions. Leave a monument for yourselves 
by setting an example for your successors, whether of the same 
political faith or not. Set a pace for them and turn over to them 
such complete records of your work that there can be no excuse 
for not following the permanent policy which you have established. 


FISH WASTE, PAST AND PRESENT. 


By Dr. S. P. BARTLETT, 
U. S. Bureau of Fisheries, Quincy, IIl. 


In presenting this paper I wish to say that I have no idea 
that I am stating anything that is particularly new, or much that 
is educational. I presume that this and kindred subjects will be 
fully covered by abler men than myself, but it is possible that it 
may introduce into the discussion some features peculiar to certain 
localities and therefore not touched upon by others. I intend 
to deal particularly with conditions as I have known them on the 
Mississippi and Illinois rivers. 


Away back there more years than I care to contemplate now, 
when then there were no protective laws, the supply of buffalo, 
the principal market fish, was so large that people seemed to take 
it for granted that it was inexhaustible. Bass, crappie, sunfish, 
perch, etc., bore little part in the commercial lists, and as I have 
said, the buffalo was the food fish for the markets. With an 
improvidence hard to understand, the farmers and the fishermen 
took advantage of the season when these fish most needed pro- 
tection, the spawning season, when the fish, rolling in shallow 
water, became easy victims. With any and every kind of device 
they took them by the thousands, and, unfit for food at that 
season, they were not only destroying them but their natural 
increase as well. 


Taken in such immense quantities, they had to be marketed 
at once, if saved at all. They were shipped by boat, generally to 
St. Louis, from points all along the Illinois and Mississippi rivers, 
in barrels, sugar hogsheads, crockery crates, boxes, anything 
procurable, dressed if time permitted, or rough when it did not. 
So many were offered, at times, for shipment that I have seen a 
large proportion refused by the boats, and such as were left 
spoiled of course, as no ice was used. The boats being en route 
for only ten to twelve hours at most, the fish were packed and 
shipped, if possible, the day they were caught. Most of the fish 
thus shipped were on consignment, and investigation showed 
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that more than one half of the shipments were dumped into the 
river, owing to a glutted market and the soft condition of the fish. 
I have seen numbers of account sales showing a balance due the 
consignee, the sales failing to pay freight. 

Such wholesale depredations on the supply could only result 
in its depletion, if not its extinction, and the output decreased 
so rapidly that the number of fish dealers dwindled down to only 
a few here and there, in the towns along the rivers, who shipped 
dressed fish to inland towns and sold locally. The buffalo were 
nearly out of the market and the game fishes, bass, crappie, 
sunfish, perch, etc., became favorites and were sought for in the 
markets. These conditions were finally brought to the attention 
of the state legislatures and the result was the enactment of 
protective laws, but the buffalo never regained its former status 
as the principal commercial fish. Carp were introduced into 
the public waters and by their rapid growth and increase have 
supplanted the buffalo and taken first place in the market as a 
coarse fish. 

So much for the fish waste of former years, before the 
importance of fish protection and conservation was understood, 
in those lavish days when all of nature’s gifts were under-valued 
because of their bountiful supply. What can be said in excuse 
of the waste in supply, the indifference shown in failing to utilize 
every pound of food and every means available to increase the 
quantity in these days of enlightenment, when one is urged daily 
to do all in his power to conserve and increase all the resources 
of the nation? Not only could fish be a part of the economy of 
every farm, but the methods of the market fishermen are as 
wasteful as in former years, though in different ways. 

Let me illustrate: Seining in Illinois waters is lawful from 
September first to April fifteenth of the following year. The 
earlier seining is usually in warm weather. Many of the seines 
are from 1000 to 1500 yards in length and are handled, as a rule, 
by gasoline winches. The fish taken are put in live boxes and 
either transferred to others or anchored to await time for use. 
Many of the fish die from injuries in the seine or live boxes and it 
is not unusual to find the surface of the water in the live box in the 
morning covered with dead fish. These are all thrown back into 
the river, not only a loss, but a menace to the health of the com- 
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munity as well. The live fishes in the boxes are taken out as 
wanted and dressed, the offal thrown into the river, usually 
taken into the current of the river and allowed to float away. 
This refers only to the coarse fish, as bass can not be taken lawfully 
with seines or nets at any time in the year and sunfish and crappie, 
strange to say, are slow at markets and the waste in dressing them 
is light, as they are scaled and the heads left on. Fish confined 
in live boxes suffer greatly, as they are usually crowded, the water 
generally warm and the slow current changes the water cor- 
respondingly slowly, so that a considerable percentage always 
die and, as stated before, are dumped into the river again. 

As soon as seining is lawful in the state the big seines are put 
to work on the Illinois river in the great stretches of water such 
as Peoria Lake, Havana Lake, Meredosia Bay, and in similar 
places along the Mississippi river. In all my knowledge of the 
fishing industry, I have noticed that it has been the custom of the 
smaller fishermen to take their fish daily to a fish boat or market 
and sell them in the rough. Here ensues more waste as only such 
fish as are lively enough to keep in their boxes are paid for, or, 
if the fish are needed for immediate dressing and shipment, only 
those red in the gills are used and the rest go overboard, as a rule. 
Frequently the fish taken from nets which have not been raised 
for a day or two in warm weather, are thrown out at the time or 
taken to the shipper with the others and all that are not fresh 
are thrown into the river there. 

Some years ago I was coming up the Illinois river on the 
steamer ‘‘Illinois,’’ then working jointly with the U. S. Fish 
Commission, and after passing the dam, a Government lock at 
Kampsville, we ran into a stream of dead fish floating on the 
surface of the water—thousands of them. This continued for 
fifty miles, frequently great fields of them covering almost the 
entire surface of the channel of the river, then a thin stream of 
them, but always dead fish in sight. When investigated as to the 
cause, it proved to have been a large catch all along the river 
with warm weather and a glutted market, and fish dying in live 
boxes were thrown into the river—a criminal waste of good food 
through bad methods and lack of care. This was not a frequent 
occurrence in such numbers, of course, but is not unusual to some 
degree, as a trip along the Illinois in a boat or launch will prove. 
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Another product of the fish is lost and wasted which could be 
utilized to great profit, as I have reason to believe. I refer to the 
universal practice of throwing into the river all of the waste 
resulting from dressing and preparing fish for market. In dressing 
buffalo, carp, catfish and the like, the scales, skin and head with 
collar bones and entrails are thrown into a tub and later dumped 
into the river, and this waste matter constitutes an important 
percentage of the fish. 


One instance that I recall will serve to illustrate the amount of 
such matter that is thrown into the river, its value lost and the 
waters polluted at the same time. Some years ago in early spring, 
when the ice started to move in the Illinois River, fish seeking 
security on the lee side of an island moved into Moscow Bay, 
situated below Havana. The bay was at a good stage and fed 
by springs in part, thus affording earlier clear water than the river 
generally. A lot of farmers living near discovered the run of 
fish and joined seines with the fishermen, for farmers then, as 
now, carried seines as a part of their equipment. They sur- 
rounded the bunch of fish and the haul netted 300,000 pounds. 
Seine brails were brought ashore, the seine well staked and fish 
were taken out with dip nets and hauled away as they were wanted. 
The weather was cold and it took a couple of weeks to complete 
the job. Then the fish, or most of them, were cleaned and shipped. 
All the offal from the catch followed the usual route, and the greater 
part of all such refuse after dressing fish is still being dumped into 
the rivers. All the waste of the fish that is thus thrown away 
could be utilized, the fat be rendered into oil and the other parts 
converted into fish meal and used as food for hogs or fowls. Not 
only the refuse can be so utilized, but the dead fish should also be 
rendered. 


In the use of a seine, large or small, scarcely a haul is made 
that does not bring ashore immense numbers of hickory shad. 
They are considered worthless and are simply shaken out of the 
seines and left on the shores to decay, a menace to health and 
comfort, if nothing more, but if they could be saved they would 
give a fair return in oil and fish meal. This I have seen dem- 
onstrated years ago, but the experiment failed to pay because at 
that time the Illinois laws prevented the use of the seine. Now 
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what are the possibilities of conserving this wasted product for 
the benefit of the people as well as for those engaged in fishing 
for market. I take it that in order to carry out the implied instruc- 
tions of the federal authorities, the greatest attention should be 
given to conserving everything that can save waste. Along the 
Illinois River alone there is thrown overboard enough valuable 
product to aggregate in the course of a year a large amount of 
money, reckoned as hundreds of thousands of dollars. How to 
save it so as to make the salvage best worth while seems to be the 
question. 

I have been interesting myself in the problem and, after seing 
some of the experiments made by Dr. Chas. W. Greene, of the 
University of Missouri, at work at Meredosia and points on the 
river in the interest of the United States Bureau of Fisheries, I am 
convinced of the possibilities of securing practical results and I am 
indebted to Dr. Greene for many valuable suggestions. 


Dr. Greene was making some experiments on the eggs of carp 
and other fish for a possible use for caviar. This material, from 
the carp and buffalo, particularly early in spring, can be had in 
great quantities, at points along the Illinois river, for the taking. 
The shovel-bill or spoon-bill, which had a large run this season, 
would furnish a large supply also, if their eggs were taken early 
enough, and would seem to offer a valuable factor in this industry. 
More than a hundred thousand pounds of shovel-bills were caught, 
dressed and shipped to St. Louis markets as sliced or boneless 
catfish, selling F. O. B. at Meredosia at fourteen to seventeen 
cents a pound. Enough waste was thrown away from these 
fish to have paid a fair profit, if it could have been saved. 


Dr. Greene took five and one-half pounds of fat from the belly 
of a spoon-bill, a strip along the belly, as I understood it, as the 
fat if cooked with the fish is objectionable. From this fat he 
rendered two and two-fifth pints of fine oil, which from appearance 
and subsequent analysis, after being clarified, proved to be equal 
to some of the fats used for cooking. Dr. Greene also advanced 
what seemed to me practical ideas as to saving all waste in dressing 
and also the dead fish now thrown away; the dead fish to be 
utilized by extracting the oil and converting the residue into 
fertilizer, while the waste procured in cleaning fish, after removing 
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the oil, may be made into fish meal for feeding. The material 
of all the waste saved would be at least valuable as a fertilizer and 
perhaps some of it might be profitably used as food for hogs or 
fowls. This would bring good prices with grain so high. 


How this could be utilized with economy sufficient to make it 
profitable, is as yet an unsolved problem. I have been obtaining 
literature on the subject from the various manufacturers of the 
apparatus necessary to the work, but so far find the cost of the 
outfit too great for practical working, as, if only one outfit was 
possible, the cost and difficulty of transportation and of time 
would have to be considered. The points at which the largest 
quantities of fish are dressed, Peoria, Havana, Beardstown and 
Meredosia, could maintain small outfits perhaps, but none of 
them a large one. 

It is possible that the next session of the Legislature will enact 
laws prohibiting the throwing of masses of refuse of this kind into 
the rivers, polluting the waters, which would necessitate some other 
method of disposing of it, and perhaps this may result in 
saving it. 


PRODUCTION AND DESTRUCTION OF THE FOOD FISHES 
OF THE GREAT LAKES. 


By S. W. Downine, 
U. S. Bureau of Fisheries, Put-in-Bay, Ohio. 


In discussing this question we will confine our remarks to the 
conditions on lake Erie, and more particularly to that portion 
of it bordered by the States of Ohio and Michigan. In the 
beginning, it would seem that nature so adjusted the production 
and destruction of fishes and all other animal life, that the natural 
increase and losses just about balanced. In course of time all 
the waters, both of the ocean and the fresh inland bodies, became 
well stocked with fish and the numbers were steadily maintained 
so long as the natural conditions were not disturbed, but as soon 
as mankind discovered the value of fish for food and financial 
advantages, an unnatural loss was created. At first this loss was 
but slight, but as more fish were consumed and the demand and 
price increased, more effective means were employed. Today 
the demand and the price have so advanced that every means that 
man can devise are used in taking fishes. The consequent result 
has been that natural production could not keep pace with natural 
destruction when combined with the artificial destruction carried on 
by the commercial fishermen in order to meet the constantly 
growing demand for fish as food. In order to restore the balance 
to normal or natural conditions, this artificial destruction must 
be overcome, and to do this many means have been suggested 
and tried and production by artificial or protected propagation 
has been adopted. We will endeavor in this article to show the 
number of young fish so produced at the U. S. Fisheries Station at 
Put-in Bay, Ohio, together with that of the Ohio State hatchery, 
which is but a stone’s throw away from us, by the following table 
covering the output of the past sixteen years. 


28 





Downing. —Production and Destruction 


At Tue U.S. SraTIon. 


29 


























| 
WHITEFISH PIKE—PERCH | HERRING Pet PERCH 
1902 | 125,472,000 551000:000 ! | 20,200,000: s0 eld.te eae 
1903 | — 200,500,000 160/087, 0001142. hea hc oe ee 
1904 71,125,000 145,000,000 1,500,000 | 884,000|. 2.50 
1905 53,250,000 139,275,000 | 23,300,000 | 913,000|............ 
1906 | — 120,300.000 152,800,000 | 3,400,000 | 900,000|............ 
1907 | 140,000,000 135,400,000 | 50,000,000 | 897,000|............ 
1908 87,500,000 299,000/000' | *35;010.0007)..iet muhesers 
1909 | 190,000,000 80,000,000 3 F005 OOO Ml rive hotall cote Se 
1910 | 139,000,000 BU 50000 eae ee ee ee 10,000,000 
1911 75,020,000 89:3 751000; 1) 7O:S00000.. Oe ele ee. 
1912 | 191,100,000 FIG OSOO00) a5.) s Att eee llc pee ace 
1913 | 197,300,000 LGSOOKUOOT. | eee at ee 3,000,000 
1914 | 163,200,000 69;G00;000 |: Aer S61000 17.2.5 oaks 
1915 | 209,000,000 56,400,000 3,400,000 | 350,000|............ 
1916 | 175,500,000 ICT TKO TT hel ie Renn Be Neate ah aed sp illo alc 
1917 | 203,500,000 115:500.0002 Iyjtou Se ee GOGONGI a. ee 
Total] 2,341,767,000 | 1,740,767,000 | 210,310,000 |6,607,000| 13,000,000 


This shows a total production of all kinds of fish at this station 
during this period to have been 4,310,551,000, or an average of 
nearly 270,000,000 for each of the sixteen years considered. 

During the same period the Ohio State hatchery produced 
and liberated in the same waters, 642,000,000 whitefish, 1,194,- 
000,000 herring; 558,000,000 pike-perch; 10,000,000 perch and 
6,000,000 saugers, a total of 2,410,000,000. 

The fish produced by fish cultural work in this one vicinity 
in sixteen years has been as follows: Whitefish, 2,983,767,000; 
herring, 1,404,310,000; pike-perch, 2,298,767,000; perch, 23,000,- 
000; lake trout, 6,707,000, and saugers, 6,000,000; making a grand 
total of 6,722,551,000 fry produced by the two stations. This 
number added to the natural production resulting from the eggs 
deposited by the fish themselves upon the natural breeding 
grounds, gives us the production of that part of Lake Erie upon 
which the fish cultural work under consideration was conducted, 
and there can also be added to the lake at large the product of 
the Pennsylvania State hatchery at Erie, and that of the hatchery 
conducted by the Canadian Government. 
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Of course we are not claiming that the 270 millions of fry 
produced each year at the U. S. station at Put-in Bay, or the 
millions produced at the other stations means a production of 
that number of adult fish each year. Neither can we give even an 
approximate estimate of the number that reach maturity in the 
Great Lakes, but judging by the percentage known to have reached 
the age of reproduction after having been liberated at the fingerling 
stage, we think that it is safe to estimate that at least ten per cent. 
of all the fry liberated would reach maturity if not destroyed by 
other than natural causes. If so, then there were produced each 
year from this station alone 27 millions of fish and averaging 
them at two pounds each, we have a production of 2,700 tons a 
year. As the kinds of fish propagated are of the best varieties 
and sell for the highest prices in the market—perhaps an average 
price of 12% cents a pound to the consumer would be a fair esti- 
mate—this would give us a production of $675,000 worth of fish 
each year. To digress a little from the subject, I will say that the 
total cost of this production, including salaries, pay for eggs, 
temporary labor, both in the field and at the station, the upkeep 
of the station, together with the maintenance and the entire cost 
of operating the Steamer Shearwater, which is used in collecting 
the eggs and distributing the fry, has averaged less than fifteen 
thousand dollars a year. This leaves a clear profit of $660,000.00 
a year. So much for the production, now we will endeavor to 
consider the destruction and some of the conditions which 
cause it. 


The natural destruction begins with the loss of the fertilized 
eggs deposited by the parent fish on the spawning grounds, which 
are eaten by the ground-feeding fishes, such as suckers, mullets, 
redhorse, and in fact by all the aquatic life that feeds on the lake 
bottom; also those eggs which become covered with mud and 
silt and are smothered; the young fish eaten by the minnows 
during the early fry stage, and the fingerlings eaten by the larger 
fish. This loss can not be estimated, neither can it be controlled 
to any extent, but the greatest source of destruction, and one that 
can be controlled, is that which is carried on by mankind. This 
destruction should be divided into two classes, the economical 
and legitimate, and the unnecessary, wanton and criminal. By 
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the economical and legitimate we refer to the taking of those fish 
which have reached the age and size of maturity, the taking of 
which is or should be legalized by the state or federal laws, for as 
soon as fish of any species have attained their full maturity and 
have been given a chance to reproduce, the sooner they are 
removed from the waters in which they grew, the better it is for 
their own species. If left in these waters they consume the food 
that were better left for the consumption and growth of the 
younger fish. Therefore we have no quarrel with the fishermen 
who remove them, the dealers who by purchasing them encourage 
the taking, nor the laws of the different states which make such 
fishing legal. However, we can not too strongly condemn the 
wanton destruction ‘of undersized and immature fish, such as are 
annually being taken from the waters of Lake Erie and placed upon 
the market. Although the present prices that are being paid 
for all kinds of fish are very tempting and make it profitable, just 
for the present, for the fishermen to bring them in just as small 
as they will be accepted, it is suicidal to his own business provided 
he expects to remain in the business two or more years longer, as 
will be shown later. 


Most of the states bordering upon Lake Erie have laws regu- 
lating the size of most of the fish that may be legally taken, and 
as a rule the size limit is large enough, provided they are rigidly 
enforced, or conscientiously lived up to. But again, some of the 
most valuable species are not mentioned in the statutes of some 
of the states. For instance, of the four states bordering upon 
Lake Erie, Ohio has more coast line than all the others combined, 
and a far greater area of breeding grounds than all the others. 
This is especially true of two of the best and highest priced fish 
that are being produced, i. e. the whitefish and the pike-perch, and 
also they are the two species that are being propagated to the 
greatest extent, as a glance at the table giving the number of fry 
produced at the hatcheries will show. 

We think, for this reason, the State of Ohio should have the 
most judicious and stringent laws possible for the protection 
of the young of these fish, yet one of these—one of the very best 
and highest priced food fishes taken in Ohio waters—has no 
protection whatever by the laws of the state which regulate the 
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size of the fish that may be legally taken, and in consequence 
tons of undersized pike-perch that would require from three to 
eight to weigh a pound can be seen on the market during both 
the spring and the fall fishing seasons. However, we would not 
be understood as censuring the fishermen, or even the dealers, 
too strongly for this great destruction of immature fish, as the 
very great demand and the high prices offered makes the tempta- 
tion to offer anything that will be accepted on the market very 
strong. It is but natural to get all we can today without due 
thought for the future, and so long as there is no legal restraint 
placed upon them, we must expect the fishermen and dealers to 
follow the present custom. 


As to whitefish, one of the best and highest priced of the fresh 
water fishes, it is fully protected as regards the size limit in the 
states of Ohio, New York and Michigan, the legal weight being 
two pounds in New York and Michigan and one and three-fourths 
pounds in Ohio. An experiment conducted by the writer showed 
whitefish of this weight were fully matured. Two hundred males 
and two hundred females were measured and weighed, with the 
following result: Males, 34 weighed 134 pounds, 78 weighed 
1% pounds; 74 weighed 2 pounds; 8 weighed 144 pounds, and 
2 weighed 1 pound each. Females, 120 weighed 2 pounds, 56 
weighed 214 pounds; 10 weighed 134 pounds; 8 weighed 214 pounds 
and 6 weighed 114 pounds each. This gives us an average of one 
and seven-tenths pounds each for the males and a trifle over two 
pounds each for the females. These fish were selected from about 
six thousand that were being held in pens; as the smallest fish 
were taken for the test, and all the males were found to be ripe, 
yielding milt freely, and the females were all heavy with eggs, 
so it was evident that they were all mature fish. If the size 
limits of these several states are not violated, the whitefish, in so 
far as size is concerned, is amply protected. Unfortunately this 
is not the case as the following incident will show: A fish dealer 
of Sandusky, Ohio, one day accosted the writer, saying that he 
had some fish at his fish house and would be glad to be advised 
as to what kinds they were, and upon examination they were 
found to be herring and young whitefish. Fifteen of these young 
whitefish were placed upon the scales and altogether weighed just 
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five pounds, an average of three fish to the pound. Although the 
herring, being fully matured, were in a fair state of preservation 
and still fit for food, the whitefish were so soft and mushy that 
they were entirely worthless and the dealer afterward informed 
me that they were all sorted out and sent to the reduction plant 
for fertilizer, and that just one-third of this fifty barrel shipment 
were these undersized whitefish. This is but one instance and one 
shipment. 

The adult whitefish as they are taken in Lake Erie run 
about two and a half pounds to the fish, so that it requires 
eight hundred of them to weigh a ton. If the undersized 
fish are taken, those weighing a half or a third of a pound 
each, then it takes from four to six thousand of them to 
weigh a ton, for every ton of them placed upon the market 
there is an absolute destruction of from 3,000 to 5,200 fish in actual 
count. Moreover in many cases, as in the one cited above, they 
reach the market in a worthless condition and the makings of 
from five to six tons of the very best food fish have been totally 
destroyed without profit to any one. Nor is this all the destruc- 
tion resulting from the taking of these undersized fish. It is but 
fair to assume that one half of them were females and as they 
were all taken while immature they have had no chance to repro- 
duce. The destruction of eggs corresponds to the destruction 
of fish, and as the average number of eggs to the fish can be placed 
at twenty-five thousand, then for every ton of fish there has 
been destroyed from forty to sixty-five million of eggs. 


In the case of the pike-perch we have still a greater destruction 
both in numbers of fish and eggs for the reason that the fish are 
placed upon the market smaller in size, requiring a greater number 
to the ton, and the average number of eggs to the fish is about 
four times as great, so that even though the fish be taken of the 
same size, the destruction of pike-perch eggs reaches the enormous 
number of from 160 to 260 millions for every ton of these immature 
fish placed upon the market. 

Then there is the financial loss. If we place the price at ten 
cents a pound, the fisherman himself is losing from $320 to $520 
dollars in weight alone for every such ton placed upon the market, 
and considering the difference in price between the small and the 
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full sized fish, his loss is still greater. The loss to the dealer is 
correspondingly large, as is also the food loss to the public. 
Although we, the Ohio hatchery people and ourselves, have 
produced during the last sixteen years enough fish to equal six 
times the number of minutes that have elapsed since the beginning 
of the Christian era, we can not hope to keep pace with the 
natural, the legal and economic, together with this wanton and 
criminal destruction. Now this being the case at a time when it 
behooves every one to conserve to the fullest.extent every article 
of food, when every department of the government and all state 
officials are urging economy in the use of all kinds of foodstuffs 
and that every effort be put forth for the production of the same, 
surely some action should be taken by those in authority to prevent 
the continuance of this great waste of one of the most wholesome 
foods that nature has given us. As a preventative we believe the 
most efficient means would be the enactment of a universal law 
by all the states bordering upon Lake Erie and by Canada as well, 
such a law should fix a size limit on all fish of whatever species 
are taken for market and make this limit large enough so that 
every fish whould have reached maturity and had a chance to 
reproduce at least once before it would be legal to remove it from 
the water. But whether this or some other means is adopted, 
something should be done and that speedily or many of our best 
fishes will soon become so nearly extinct that it will no longer be 
profitable to follow fishing as an industry. 


ADDITIONAL NOTES. 


Undersized Herring—Many of the herring caught on the 
Canada side this spring ran very small, as did also some that 
were caught on the American side. I was informed by one of the 
Canadian Fishery officials that, as late as July 30th, he saw herring 
that had been caught on the Canada side and shipped to the 
United States that would run from four to ten fish to the pound 
and some of them would weigh no more than an ounce each. 

Length of Whitefish —The average length of 200 male whitefish 
measured at Monroe, Mich., was 1624 inches and of the females 
a fraction over 17 inches, and these were the smallest of a lot of 
six thousand. 
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Comparative Waste—During the fall of 1911, in the district 
where the fish cultural work of the Ohio stations are conducted, 
there were taken 945,010 pounds of whitefish averaging about 
21% pounds each, or a total in numbers of 378,004 fish. Had the 
same number of pounds been taken of the undersized fish running 
three fish to the pound, it would have required 2,835,030 fish, 
which would mean a destruction of 2,457,026 fish, and if one half 
of these were females, as we have a right to suppose they would be, 
then there would have been a destruction of 6,087,575,000 eggs. 


CONSERVATION AND PROPAGATION OF FISH IN THE 
UPPER MISSISSIPPI RIVER. 


By EARL SIMPSON, 
Winona, Minn. 


In treating with this subject I wish to confine myself to that 
part of the Mississippi River extending from the vicinity of 
Prairie du Chien, Wisconsin, to St. Paul,, Minnesota. As is 
well known, this territory of the river abounds in numerous 
small sloughs and lakes adjacent to the river, all of which are 
subject to overflow in seasons of high water. As we usually have 
periods of high water during the spawning season of the fish that 
are habitat to the upper river, it results in the fish going to these 
numerous lakes, sloughs and pockets adjacent thereto, and later on, 
as the water recedes, they are left there in what we term ‘‘dead 
pockets,’’ and unless rescued and placed in the river they die. 

The fish abounding in the upper waters of the river, other than 
the commercial fish, are the small-mouthed black bass, pike, 
sunfish, catfish, crappy and pickerel. 

In 1914 the first systematic work in rescuing these fish was 
commenced along the river, and in the beginning necessarily 
was limited in extent, but the results derived even from the small 
amount of work done clearly showed to those interested the 
great possibilities that might be attained along this line. At 
first the work was limited to the members of the Winona County 
Fishermen’s Association. Then the Latsch Board, who control 
numerous bottom lands adjacent to Winona, became interested 
in the work and, finally, the United States Bureau of Fisheries 
Station at Homer, Minnesota, took up the work. During the 
season of 1916 practically all the dead sloughs and pockets in the 
territory extending from Trempealeau, Wis., to Minneiska, Minn., 
about thirty miles in extent, were seined and the fish placed in 
the main river, with the exception that a small per cent. were 
retained by the Government and used in stocking the numerous 
lakes and rivers in Minnesota and Wisconsin. It is estimated 
that at least five million game fish were saved through this work, 
and the greatly improved condition of the fishing in the vicinity 
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of Winona during the past season has clearly shown the wisdom 
of this policy. We feel that if the other cities, located in the 
territory in which this work could well be undertaken, would 
interest themselves in this matter, it would be but a short time 
until the upper waters of the Mississippi would become the finest 
fishing territory imaginable. 

Restocking the river in this manner is different from the 
ordinary methods adopted in restocking streams and_ lakes, 
in that the extent of transportation of the small fish is practically 
nothing. The fish are taken in the seine directly from these pockets 
to the river, or placed in pails and tubs and transported quickly, 
so that there is practically no loss from this source. If these fish 
are once placed in the deeper water, even though we do have 
higher water level in the season, they do not go back to the sloughs 
and pockets, but care for themselves in the deeper water. The 
expense involved is very small when we take into consideration 
the results obtained. A crew usually consists of three men, a 
small launch, a seine and a few tubs and pails. Two men operate 
the seine and the other transports the fish. It is estimated 
that such a crew will rescue one hundred thousand fish a day. 


Even though the dead sloughs and pockets do not entirely 
dry up and the fish live through the summer season, these small 
bodies of water will freeze to the bottom in the winter following 
and the fish will be destroyed in this manner. 


While considering this matter, I feel it my duty to call the 
attention of this body to the lack of a fishway in the Keokuk 
Dam, located at Keokuk, Iowa, on the Mississippi. There can 
be no question that several species of the fish that inhabit the 
upper river migrate south during the fall and early winter, and 
once they go over the Keokuk Dam it is practically impossible 
for them to get back up the river the following spring. It has 
been said that the river below the dam at Keokuk is just alive 
with fish, during the spring, trying to get back to the upper 
waters of the river. This condition prevails especially with 
reference to the skipjack, which although not a food fish, is very 
useful in the upper river as food for the pike. Up to the time of the 
construction of the Keokuk dam it was a common saying along 
the river, that wherever you saw the skipjacks working you could 
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feel certain that the pike were lying below the ends of the dams 
and reefs where these fish were working and were feeding on the 
minnows that were stung by the skipjacks. 

During the past three years there has not been a skipjack 
seen in the upper river and, as a result the pike have had a hard 
time to find sufficient food. They are now caught, whenever 
it is possible to catch them, along the shallow flats or bars, where 
they evidently are searching for food. 


I have been told that the Keokuk dam is one of three dams in 
the United States which have been constructed under government 
supervision without requiring the construction of a fishway, the 
other dams being located in the western states. It would seem 
that this society should adopt a resolution or memorial to Congress 
requesting the construction of a proper and suitable fishway in 
the Keokuk dam, so as to permit the fish of the Mississippi to 
obtain free access to the upper and lower sections of the river. 


FISH CULTURAL ACTIVITIES OF THE FAIRPORT 
BIOLOGICAL STATION. 


By AUusTIN F. SHIRA, 
Director of the Station. 


While the work of the United States Fisheries Biological: 
Station, Fairport, Iowa, is known primarily for its service in con- 
nection with the propagation and investigation of fresh-water 
mussels, its field of activities is quite broad and includes in its 
scope various fishery problems of a specific or general nature. 
This multiform functioning is clearly stated by Dr. R. E. Coker 
in his recent article descriptive of the Fairport Station.* For 
present purposes the work may be conveniently divided as follows: 
1. Mussel Propagation; 2. Fish Propagation; 3. Associated 
Activities. The first and third will not be dwelt on at length 
here, but in passing it will be stated that under the former are 
included both the practical and experimental phases of artificial 
mussel propagation. 

My object at this time is to present to you some of the less 
familiar activities of the station grouped under the second heading. 
This heading may be further sub-divided into (a) Intensive pond 
culture; (b) Artificial hatching in jars; (c) Studies of natural 
food, and (d) Experiments in artificial feeding of river fishes. 


(a) Intensive Pond Culture—The pond cultural experi- 
ments have been designed to augment our knowledge of the 
conditions most conducive to increasing the productivity of 
small ponds on farms or elsewhere. In order to accomplish such 
an end, it is of course quite necessary that the problem be attacked 
from the small pond owner’s point of view to some extent. The 
possessors of small ponds desire to have their ponds well stocked 
with fish, primarily for the meat furnished the table and also for 
the sport afforded in catching them. The farmer is a busy man; 
but he is beginning to realize more and more that recreation as 
well as a greater variety of diet makes for increased energy and 
efficiency. The fish pond helps to meet these requirements, by 
furnishing sport on the one hand and acceptable food on the other. 


*Robert E. Coker: The Fairport Fisheries Biological Station—Its 
Equipment, Organization and Functions. Bureau of Fisheries Document 829. 
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However, the time has not yet come when the pond owner will 
give any considerable attention or care to the pond, and any 
results that may reward his slight efforts are largely due to nat- 
urally favorable conditions. It behooves us then to attack from 
this view-point in order that we may supply the information 
for meeting the present demand, while at the same time we are 
gathering data for an educational campaign for the better care 
and utilization of small ponds for increased production. 

Accordingly, experiments are being carried on to furnish 
information as to the best combination or combinations of fishes 
for best results, and the greatest number of fishes a pond of given 
size can support for an optimum growth, with and without 
artificial feeding. In one of our ponds (0.224 acres in area) origi- 
nally stocked in 1914 with adult large-mouth black bass, crappie 
and bluegills, the bluegills have practically taken possession of the 
pond. The experiment was permitted to run along for a period of 
three years without an increase or decrease in the stock, save by 
natural causes, but an inventory was made each fall. Originally 
stocked with 30 large-mouth black bass, 45 crappie and 40 bluegills, 
this pond yielded a total of 103 bass, 12 crappie and 3,945 bluegills 
when drained in the fall of 1916, after having run for three seasons. 
This year the number of bluegills was reduced to 1,500 and the 
experiment carried on as before except that since July 1 five 
pounds of fish are taken from the pond weekly. The object is to 
determine whether or not such a pond when once well stocked 
will be self sustaining when subjected to regular fishing. 

Experiments in the rearing of large-mouth bass together with 
bluegills have been carried on for comparison with the results 
obtained with bass alone. While no final and conclusive state- 
ment can be made, the indications are that the best results can 
be obtained with bass alone. This year we are carrying on 
additional experiments with bass and the orange-spotted sunfish 
together. In another pond we are carrying over yearling bass, 
bluegills and buffalofish. The logical combination would seem 
to be such fish as the bass, crappie and bluegills, with some form 
that feeds largely on the bottom, such as the bullhead, buffalo or 
golden shiner. Within a few years we hope to be in position to 
give some very definite information relative to the kind and number 
of fish best suited to a pond of a given type and area. 
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Bass, crappie, sunfish and bullheads are the fish ordinarily 
used in stocking small ponds, but in view of the demand for 
fishes that reach a larger size attention has been given to two 
other fishes as possibilities for this purpose; namely, the buffalo- 
fish of the genus Ictiobus and the channel catfish, Ictalurus pune- 
tatus. The European carp should also come in for additional 
attention in this regard. 

Experiments with the buffalofish were started in the spring 
of 1915, with young fish artificially hatched in Downing jars. 
One hundred and eighty thousand fry were placed in a small 
earth pond and later transferred to a pond of about one acre in 
area. In the fall this pond yielded about 50,000 fingerlings, 
varying in length from one to six and one-half inches. While 
this is not a phenomenal growth it was very encouraging when 
consideration was given to the fact that the pond was new and 
devoid of vegetation. Thirteen fish that had been placed in a 
small pond containing abundant vegetation had reached an 
average length greater than six inches. The rearing of these fish 
has been continued and this year at an age of two years some of 
the fish retained had reached a length of seven and one-half 
inches. Additional fish were hatched last year and this year 
and further experiments are being carried on. This season two 
ponds have been devoted to yearling buffalo, about 1,000 per 
acre in one and about 3,000 per acre in the other. These fish 
are being fed partially on artificial food and good growth is being 
made. In two other ponds of equal size, fry were placed, 2,500 
in one and 6,500 in the other. These fish are subsisting wholly 
on natural food and though considerable loss has been sustained, 
presumably caused by parasitic trematodes, the surviving fish 
had reached an average length of about two inches by July 12, 
at an age of about two months. 

What we consider one of the greatest achievements is the fact 
that we have succeeded in inducing the buffalofish to spawn 
in one of the ponds. This was tried last year, but without results. 
The same brood stock, augmented by additional fish taken from 
the river this spring, was placed in an earth pond of about an 
acre in area. In order to simulate natural conditions to some 
extent, the pond was only partially filled with water when the 
fish were introduced and the water level was gradually raised at 
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the approach of the spawning season. The fish were first seen 
“splashing”? May 11 and later on May 17, 18 and 19. The first 
young were seen May 26. The present indications are that the 
pond is over stocked, judging by the size of the fingerlings (114 in.), 
as compared with the fingerlings (2 in.) in the two ponds mentioned 
above. 

The success obtained last year in hatching and rearing young 
channel catfish, J. punctatus, in a pond at the station was described 
in a paper published in the Transactions of this Society for 
March, 1917.* 

This season two small earth ponds are being devoted to some 
of the young reared last year, in order to obtain additional data 
on the growth. In one pond were placed 108 of the yearling fish 
with natural food only and in the other 464 fish to be fed in part 
on artificial food. The growth has been quite substantial and 
some of the fish have now reached a length of about 6 inches. 

An additional hatch of young catfish was obtained in the 
same pond again this year. 

From a stock of red-eared sunfish, Eupomotis gibbosus, placed 
in an earth pond last season, a brood of young was obtained. 
It may develop that this species will be quite suitable for raising 
with large-mouth black bass, as it is more of a bottom feeder 
than perhaps any other sunfish and spawns quite late, the young 
thus being available as food for the young bass. Young sunfish 
of the species L. euryorus, the habits of which were but little known, 
were also hatched in one of the ponds. The comparatively rapid 
growth and uniform size of the young lead one to believe that this 
may be a very suitable species for small ponds. 

(b). Artificial Hatching in Jars—lIn connection with the 
pond cultural work, experimental hatching of various river fish 
has been carried on to some considerable extent. As stated 
above, the work was first undertaken in 1915 when a hatch of 
1,723,625 buffalofish was obtained. The work in the two suc- 
ceeding years resulted in a hatch of approximately ten millions 
in 1916, and seven millions in 1917. The eggs were obtained 
primarily at New Boston, IIl., and as the fish from which they were 
taken were caught by the commercial fishermen for the market, 


*Notes on the Rearing, Growth, and Food of the Channel Catfish, 
Ictalurus punctatus.. Tran. Am. Fish. Society, for March, 1917. Vol. 45, No. 2. 
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the hatch represents a clear gain as the eggs would otherwise 
have been lost. The total cost of hatching and planting the fish 
the past season was slightly more than seven cents per thousand, 
including over-head expenses and the salaries of permanent. 
employees actually engaged. It may be safely said, then, that 
the work is now on a practical and well established basis. 

In view of the increased demand for additional cheap food 
fishes to supplement the meat supply of the country and aid 
in reducing the high cost of living, experimental hatching of the 
European Carp, Cyprinus carpio, in jars was undertaken this 
spring. Approximately 112,000 fry were hatched and liberated 
in the Mississippi River. Several thousand reserved for additional 
experiments, were placed in one of the ponds and a very marked 
growth has been made. 

Some work was also done last year on the Missouri Sucker, 
Cycleptus elongatus, and- 83,000 fry hatched in jars were planted 
in the Mississippi River. This is a very good food fish and com- 
mands a price almost equal to that of the buffalofish. 

(c). Studies of Natural Food—No work in pond-fish culture 
would be complete without a thorough knowledge of the natural 
food taken by the fish under varying conditions. This information 
is being obtained by intensive food studies carried on by both 
regular and temporary employees. Weekly collections of young 
fish are made from each of the ponds throughout the summer and 
fall for food examinations and the kind and quantity of food taken 
is compared with the available supply in the pond. Interesting 
and valuable data, indeed, are being accumulated. For instance, 
we have found that the very young buffalofish subsist largely 
upon rotifers which are taken in large numbers, later turning to 
Chironomus and other insect larvae and Entomostraca. The 
stomach examinations reveal the fact that all the young fish feed 
generally and with but little discrimination on the prevailing 
food of the ponds, as the proportion of the various items con- 
stituting their diet are comparable to the proportionate abundance 
of their occurrence in the ponds. These studies also serve as an 
index of the food required for optimum growth. A few examina- 
tions made last year indicate that it is desirable to continue 
making the collections to some extent throughout the winter so 
that more complete data will be at hand. 
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(d). Experiments in Artificial Feeding of River Fishes —In order 
to supplement the work carried on in the ponds, artificial feeding 
experiments are in progress this year with fish held in troughs and 
tanks. In order to have clear water at all times the supply for 
these troughs is taken from one of the earth ponds, the water of 
which scarcely becomes roily even during the periods of the greatest 
turbidity of the Mississippi. 

The fish which are being used in these feeding experiments 
are: fingerling, yearling and two year old buffalo-fish, fingerling 
and yearling channel catfish and fingerlings of the European 
Carp. The food consists of meal, dried and ground mussel meats, 
beef liver, cheese and ground table scraps. The amount of food 
fed the fish daily is weighed and notes of the weekly increase in 
weight and size are recorded. 

Another phase of our work is brought out in the co-operative 
plan instituted this spring with the Crystal Lake Club, of Burling- 
ton, Iowa. This Club owns a lake of about 1,200 acres in the 
Illinois lowlands opposite Burlington and is interested in increasing 
the productivity of the water by propagation. Accordingly we 
are working with them, have diked and screened off small areas 
of the lake as breeding grounds and have stocked them with bass, 
crappie and sunfish. Evidence is already at hand indicating that 
a good hatch has been obtained. 

This lake has been formed in the levee district and is wholly 
cut off from the river, except that water may enter through a 
12-inch pipe at a 7 ft. stage of the river. This lake is quite typical 
of other conditions along the Mississippi and Illinois Rivers 
and the results that may be obtained by our efforts should be 
applicable to other places. While this co-operative work is con- 
cerned with game fishes the same scheme should be applicable to 
other food fishes as the buffalo, catfishes and carp. 
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ADDITIONAL NOTES ON REARING THE CHANNEL 
CATFISH, ICTALURUS PUNCTATUS. 


By AustTINn F. Sura, 
Director, U. S. Biological Station, Fairport, Iowa. 


Last year a paper was prepared for presentation before this 
Society giving in considerable detail the results obtained in rearing 
the channel catfish in one of the ponds at the Fairport Biological 
Station. As these results constituted the first detailed record 
of the breeding of this fish in ponds, you will be interested in a 
brief account of the supplemental work done this year. 


It was very unfortunate that the conditions last year neces- 
sitated the drawing of the pond to determine whether or not 
the catfish had spawned. In order to avoid this, most of the 
kegs to be used as nests this year were provided with an opening 
in the side about 7 x 5 inches, with a closely fitting hinged cover, 
so that when placed in a horizontal position in the pond, the 
interior could be examined by simply raising this cover. All 
kegs except a few buried in the bank were securely fastened to 
posts so that little disturbance resulted when examination was 
made. Twenty kegs in all were placed in the pond, fifteen of 
which were provided with side openings and covers. Three 
without openings were placed in a horizontal position in the pond 
bank with the mouth outward. 


Several of the kegs were placed with the top within a foot of 
the water surface. As the water in the pond became clearer 
with the advance of the season, the interior of the kegs so placed 
could be observed without great difficulty from the pond bank 
when the covers were raised. On examining the deeper kegs, 
however, it was necessary to use a water-glass. 

The brood stock numbering 40 individuals was placed in the 
pond May 23,1917. From July 1 until after the spawning season 
the pond was subjected to frequent observation by the Super- 
intendent, Mr. H. L. Canfield, and others. 

The first eggs were discovered July 12 in one of the kegs 
placed within a foot of the water-surface. The nest was again 
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examined July 14, and at intervals the parent fish was observed 
“fanning” the eggs by gentle movements of the tail and fins. 
This fanning or care of the eggs was continued while the cover of 
the keg was raised and while an attempt was being made to 
photograph the nest. Samples of the eggs then taken from the 
keg with a glass tube and rubber bulb, showed well developed and 
active embryos. 

The eggs were removed from the keg and the mass divided 
as evenly as possible in halves, one half being retained and the 
other half returned again to the keg. During the process of 
dividing the egg-mass, hatching commenced and before arrange- 
ments for taking a photograph of the eggs could be made, all 
had hatched. However, a photograph of the fry was obtained. 


An actual count gave a total of 2,945 active and vigorous 
fry. Including the few dead eggs and a few fry that died, the 
half of the egg-mass contained 2,972 eggs. Allowing for a slight 
unequal division of the eggs, the original mass found in the keg 
contained approximately 5,944 eggs, quite a respectable number 
when the large size of the eggs is taken into consideration. The 
young were placed in a trough outdoors to be subjected to the 
artificial feeding experiments.* 


Ten other nests were carefully examined, one of which bore 
evidence of having been cleaned and two others appeared as 
though fish had been frequenting them, but nothing definite could 
be determined. One keg examined July 17, appeared to contain 
young fish, but further investigation was not made until the 
following day when 284 were obtained. The top of this keg was 
31 inches below the water surface. The small number found in 
this nest may have been the remnant of a brood the larger portion 
of which had left the nest earlier. These young fish were also 
placed in an outdoor trough for artificial feeding experiments.* 

We were especially well pleased to get a hatch in the pond again 
this season and with this start hope and expect to obtain more 
substantial results next year. While it is yet too early to draw 
conclusions, the data already secured point to the channel catfish 





* When this pond was drained October 21, 1917, young fish to the num- 
ber of 5,942 were obtained, making a total of 9,171 young catfish for the 
season. 
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as a very promising fish for pond culture. The fact that it is 

easily fed, taking artificial food with avidity, is much in its favor. 
While it will perhaps not reach a maximum size under ordinary 
small pond conditions a weight of several pounds should not be 
considered at all unusual. The growth experiments now in progress 
will yield very valuable and pertinent information regarding 
this. 
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PROCEEDINGS 


of the 


Forty-Seventh Annual Meeting 


of the 


American Fisheries Society 


ST. PAUL, MINN., 
August 29, 30 and 31, 1917 


Opening Session*, Afternoon, August 29th. 


The meeting was called to order by the President, Dr. George 
W. Field, who presided throughout the sessions. 


REPORT OF THE RECORDING SECRETARY. 


Mr. Carlos Avery, of St. Paul, Minn., Recording Secretary, 
submitted as his report the Proceedings of the Forty-sixth Annual 
Meeting held at New Orleans, La., as published in the June, 1917, 
number of the TRANSACTIONS. 

It was moved and carried that the report be accepted. 


REPORT OF THE TREASURER. 


The report was read by Secretary Avery, who prefaced the 
reading by the statement that, following the death of Mr. Chas. 
W. Willard, who had acted as Treasurer since 1900, Miss L. B. 
Rimbach, of Medford Hillside, Mass., was made Acting Treasurer. 
Miss Rimbach’s report covers the period from the annual meeting 
of 1916 to August 11, 1917, and is as follows: 


* On the morning of the twenty-ninth the Society met with the National 
Association of Fish and Game Commissioners, at which time addresses of 
welcome were presented by the Governor of Minnesota and the Mayor 
of St. Paul. 
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To The American Fisheries Society: 


I herewith submit my annual report as Acting Treasurer from 
the meeting in October, 1916, to the 11th of August, 1917. 
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L. B. RrmBacu, 
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REPORT ON PERMANENT FUND. 
To the American Fisheries Society: 


In regard to the Permanent Fund of the Society I have to 
report that this still remains on deposit with the Industrial Trust 
Co. of Westerly, R. I., and that since the report made by Mr. C. W. 
Willard at the meeting of the Society in October, 1916, there have 
been no deposits in or withdrawals from this fund. 

Mr. Willard’s last report showed a balance on October 9, 1916, 
of $2,799.56. 

L. B. RimBacu, 
Medford Hillside, Mass., Aug. 11, 1917. Acting Treasurer. 


Moved and carried that the report of the Treasurer be referred 
to the Auditing Committee for the usual verification of the 
accounts. 


President Field announced the appointment of the following 
Committees: 

Auditing Committee: Messrs. F. A. Tulian and Geo. H. Graham. 

Committee on Resolutions: Messrs. W. A. Killian (chairman), 
E. A. Hinshaw, J. H. Kirk, E. G. Bradford, J. Q. Ward, Wm. E. 
Barber, and H. B. Ward. 

Committee on Nominations: Messrs. J. W. Titcomb (chairman), 
John P. Woods, M. L. Alexander, J. Q. Ward, Seymour Bower, 
Eben W. Cobb, and H. S. Hedrick. 

Committee on Time and Place of Meeting: Messrs. A. L. Millett 
(chairman), John M. Crampton, Theo. Roualt, A. Eastgate, D. G. 
Beauchamp, Linus Leavens and Henry O’Malley. 

Committee on Publication: Messrs. R. C. Osburn (chairman), 
Bashford Dean and John T. Nichols. 

Committee on Membership: Messrs. John W. Titcomb (chair- 
man), Seymour Bower, Eben W. Cobb, S. P. Wires and 5. P. 
Bartlett. 

Committee on Program: Henry B. Ward and Henry O’Malley. 


In announcing the Membership Committee, President Field 
called attention to the importance of increasing the membership. 
“There has never been a time in the history of the nation or of the 
world when constructive work on fisheries in the laboratories and 
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hatcheries, with county and state commissioners, state legisla- 
tures, Congress and the Bureau of Fisheries, has been so much 
needed. It will be the duty of the Membership Committee to 
canvas the situation, to interest all the newcomers and to encourage 
any past members who have dropped out to renew their member- 
ship. But in addition to this every member of the Society should 
constitute himself a membership committee of one to see that his 
friends and associates are informed as to the work of this Society 
and their support and interest secured.” 


Mr. E. A. Tulian, of Louisiana, was seed Acting Treasurer 
to serve during the meeting. 


ELECTION OF NEW MEMBERS. 


A list of applications was presented and, upon vote of the 
Society, the following members were declared elected to 
membership: 


Honorary Member. 


Honore MERrcIER, Minister of Colonization, Mines and Fisheries, Quebec, 
Canada. 
Life Member. 


GEorGE D. Pratt, Conservation Commissioner of New York, Albany, N. Y. 


Active Members. 


ACKERKNECHT, CuHas. H., 872 Selby Ave., St. Paul, Minn. 

AINswortH, G. G., Manchester, Iowa. 

ALLEN, CLARENCE J., Box 738, Milwaukee, Wis. 

ANDERSON, Dr. F. E., Red Wing, eae 

ANNIN, H. E. , Margaretv ille, Del. Co., N. Y. 

BARNEY, RAYMOND | Bae Homer, Minn. 

BEaucHamp, D. C., Game and Fish Commissioner, Paragould, Ark. 

BLAIR, FRANK D., Excelsior, Minn. 

BLoom, je Game and Fish Commissioner, Devils Lake, N. Dak. 

Brower, J. F., Fish and Game Commission, Holmesburg, Pa. 

BURKE, Wo. H., Old Forge, N. Y. 

BURKHART, JOE, Lewis, Wis. 

CALDWELL, F. M., 2311 Carter Ave., St. Paul, Minn. 

CANFIELD, H. L., Pairport, Iowa. 

CHAMBERLAIN, W. R., Game Warden, Wabasha, Minn. 

CHAMBERS, E. T. D., "Dept. Colonization, Mines and Fisheries, Quebec, 
Canada. 

Creassy, E. A., 900 Camerson St., Eau Claire, Wis. 

Cook, Warp A., U. S. Bureau of Fisheries, Duluth, Minn. 

CowbeN, S. M., Conservation Commission, Albany, NY: 

Cress. H. A., Booth Fisheries Company, St. Paul, Minn. 

CURRAN, JouN L., Commissioner of Inland Fisheries, 602 Grosvenor 
Bidg., Providence, R. I. 

DAVIDSON, HENRY, Fish Hatchery, Bath, N. Y. 

DEsAUTELs, H. E., Cedar Island Lodge, Brule, Wis. 

Dunn, AnpREW C., Northern Fish Co., Duluth, Minn. 
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EASTGATE, ALFRED, St. John, N. Dakota. 

Erickson, C. J., 328 Washington St., Boston, Mass, 

FARRINGTON, Ray G., Ortonville, Minn. 

FisHer, A. K., U. S. Biological Survey, Washington, D. C. 

FITZGERALD, E. J., Minneiska, Wis. 

GisB, C. D., Game Warden, Wilder, Minn. 

GoruaM, W. B., Brook Trout Co., Hudson, Wis. 

GREEN, J. C., 4730 London Road, Duluth, Minn. 

GUNTHER, F. E., 420 S. 5th Street, LaCrosse, Wis. 

Hitt, Howarp Rice, 1108 W. Illinois St., Urbana, Il. 

JoHNsTON, J. W., Box 578, Rochester, N. Y. 

JENSEN, HAROLD, State Fish Hatchery, St. Paul, Minn. 

Keyes, H. W., Ranier, Minn. 

KILuian, Wo. H., 572 Munsey Bldg., Baltimore, Md. 

Kirk, J. H., State Fish and Game Commission, Bottineau, N. Dak. 

Komo tt, C. F., Dundas, Minn. 

Lau, H. C., Star Prairie, Wis. 

Lawyer, Geo. A., U. S. Biological Survey, Washington, D. C. 

LEAVENS, Linus, Fish and Game Commission, Cambridge, Vt. 

LEOPOLD, ALDO, Forest Service, Albuquerque, N. Mex. 

MacLacaian, Dr. Cuas., President Game and Fish Board, New Rockford, 
North Dakota. 

Mack, JoHuN E., Carson City, Nev. 

MILLER, ALBERT P., Constantia, N. Y. 

MILLER, Dan E., Constantia, N. Y. 

. Monker, C. C., Grand Marais, Minn. 

NELson, J. O., Glenwood, Minn. 

O’BRIEN, J. P., Box 1, Reno, Nevada. 

Oris, Mito F., State Fish Hatchery, Upper Saranac, N. Y. 

PACKER, ARTHUR, 423 Plymouth Bldg., Minneapolis, Minn. 

PINKERTON, J. A., Glenwood, Minn. 

RASMUSSEN, Dr. A. T., LaCrosse, Wis. 

REYNOLDs, O. J., Game Warden, Alexandria, Minn. 

RIcHTMAN, S. P., Fountain City, Wis. 

RisLEy, A. F., State Fish Hatchery, Linlithgo, N. Y. 

RouattT, THEO., JR., State Game Warden, Santa Fe, N. Mex. 

SEIz, B. F., Deputy Game Warden, Red Wing, Minn. 

SELVOG, Hans R., Warroad, Minn. 

SmiTH, G. A., Commissioner of Fisheries, Oklahoma City, Okla. 

SPORTSMENS REVIEW PUBLISHING Co., 15 W. 6th St., Cincinnati, Ohio. 

WARD, ROBERTSON S., 172 Harrison St., East Orange, N. J. 

Watts, A. E., 9 T. Wharf, Boston, Mass. 

WE scH, H. N., Box 4, Salt Lake City, Utah. 

WILLIAMS, J. A., State Board of Health Bldg., Tampa, Florida. 


Mr. John W. Titcomb called for an explanation of the Per- 
manent Fund of the Society, and Prof. Henry B. Ward stated 
that it resulted from the fifty dollars contributed by each of the 
Patrons of the Society, of whom there are fifty-three. Only the 
interest of the fund derived from this source may be used. 

Mr. Titcomb also brought up the question of publishing the 
index to the first forty volumes of the TRANSACTIONS, prepared by 
Mr. Daniel B. Fearing, but no action was taken. 

On motion by Mr. John P. Woods the Session adjourned. 
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Wednesday Evening Session, August 29th. 


The American Fisheries Society met in joint session with the 
National Association of Fish and Game Commissioners, as the 
guests of the Local Committee. A series of moving pictures, 
showing the winter elk range in the Jackson’s Hole country, 
Wyoming, was presented by Mr. Norman McClintock and 
explained by him. 

Mr. McClintock stated that the pictures were made by assist- 
ance from Hon. George Shiras, 3d, of Washington, D. C., and the 
United States Biological Survey. The photographs were taken 
with a telophoto lens and a series made by the ordinary method 
was shown to indicate the difference. The Jackson’s Hole game 
refuge was visited in February and involved a trip over the Teton 
mountain range by sled from the railway terminus at Victory, 
Wyoming, over six feet or more of snow. The elk were shown, 
more than 3500 in one herd, at the winter feeding grounds where 
hay is provided to keep them from starving to death. 


Other reels shown by Mr. McClintock illustrated a herd of 
500 antelope in the Yellowstone National Park; also mule deer, 
mountain sheep and the peculiar little aquatic bird known as the 
water ouzel. 


Hon. M. L. Alexander introduced Mr. Stanley C. Arthur, 
ornithologist of the Department of Conservation of Louisiana, 
who presented a series of pictures illustrating ducks and geese in 
winter time in Louisiana. Gulls were also shown on the reserves, 
which are under the protection of the Federal Government and the 
Audobon Society, in co-operation with the State of Louisiana. 

Mr. Alexander also introduced Mr. Marshall McLean, of the 
New York Conservation Commission, who explained a series of 
pictures showing the work of the Commission. These reels were 
made to familiarize the people of New York State with the opera- 
tions of the different branches of the State Commission. The 
purpose of this, Mr. McLean explained was to educate the people 
in conservation, in order that the Commission might have the full 
support and sympathy of all classes of the people. 


The evening session was then adjourned. 
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Thursday Morning Session, August 30th. 


PRESIDENTIAL ADDRESS. 


BY DR. GEORGE W. FIELD. 


It has been my good fortune to spend the past three months 
in Colorado, Oregon, Montana and Wyoming, and I have been 
impressed with the importance of the development of fisheries 
work in that section of the country. Everywhere, all over the 
country, the importance of fisheries as a national problem is 
increasing very rapidly. The general utilization of fish as food, 
fertilizer and oil is at present handicapped, among other things, 
by a lack of individual responsibility, by divided or even entire 
absence of legal authority, by selfishness on the part of individuals 
and by lack of knowledge and foresight. This results in enormous 
wastage in all directions. 

Have you considered how many fish are thoughtlessly killed 
by anglers (not sportsmen) who catch a large number of fish and 
fail to utilize them? The aggregate is astounding. It is a small 
matter for a party to go out and catch a dozen, thirty, fifty or 
more fish of various kinds which are edible, but how many of 
these are left unused and forgotten in the boats or otherwise 
wasted? On both the west and east coasts and to a certain extent 
in the rivers, a very large number of fish below the market size are 
caught and killed. This particularly occurs on the New England 
coast where the fishermen still make a business of catching small 
mackerel, pollock and other smaller fish, counting about 900 to 
the barrel. They get on the market forty cents to a dollar for 
those 900 fish. If these were allowed to grow to maturity they 
could get from twenty-five to thirty-five or forty cents apiece for 
them. We have made some rough computations and found that 
forty cents worth of such small fish, in one year, possibly, or in two 
at the outside, might amount to $280.00 worth of food by natural 
growth, after allowing for a decrease of 50% in numbers. But 
more than that, under this unwise method of catching schools of 
small fish by traps and seines, a very large proportion of these 
are thrown overboard as of no market value. 


Reforms of this kind which affect the pocketbooks of fishermen 
are difficult to bring about, but they are exceedingly important in 
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the general economy of the nation. I believe that the conditions 
that obtain now, when the people are going to look into these 
practices on account of the necessities of war, will make very 
largely for improvement. 

We found, as a general proposition, that in the fisheries business 
as conducted in a great many places, at least 40% of the total 
product is wasted; never gets to market, never utilized for food, 
never turned into cash in any way, shape or fashion. Now I do 
not know of any greater arraignment of any industry than to say 
that there is a 40% waste. What would it mean to the country 
and to the world if there were that waste in the grain trade or in 
the handling of meat supplies. It is a national disgrace that such 
a condition obtains anywhere in the United States. 

There is also an enormous curtailment of the fish supply and 
particularly of the breeding grounds. This comes about through 
the introduction of sewage into public waters. Factory wastes 
entail an enormous loss, not alone to the fish, but particularly to 
the industries themselves. I have had a recent report of one of our 
rivers which was formerly an important salmon and shad river 
and could be utilized for many other species of fish. That river, 
the Merrimac, was practically wiped off the fishermen’s map on 
account of the pollution by factory and municipal sewage. The 
report states that the factories, particularly the woolen factories, 
are equipping their mills with devices for saving wool scouring 
wastes. Already there has been a very marked improvement in 
that river and we may look in the near future to its becoming 
again a source of food and recreation to the people. Now that 
must be done ultimately in practically every large river of the 
country. One cannot traverse any of the large rivers without 
noticing a large amount of waste going on unnecessarily. This is 
true, not alone of the rivers of the east where the condition has 
grown worse through years of malpractice, but the rivers of the 
central part of the country and of the west are rapidly getting into 
that condition. 

I was astounded at the changes made in the rivers by mining 
operations in Nevada, Northern California and Oregon. Some of 
this can be avoided. Lumbering operations, too, throw enormous 
amounts of useful waste into the streams because up to the present 
time we have not been obliged to utilize those types of materials. 
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There is another chance to make an enormous saving of fish 
life in our irrigation operations. You are all familiar with the 
fact that when the gates of the irrigation systems are opened 
enormous quantities of fish of all sizes go into the ditches and as the 
water dries up the fish, of course, are left there and wasted. 
Every state which has irrigation projects within its borders should 
be compelled by public sentiment to utilize those fish in some way. 
By systematic collections they could be used for stocking ponds or 
rivers and then, occasionally, the best of the fish might be put on 
the market. Those which are below market size should be put 
in ponds for future use. A systematic collection would be rel- 
atively easy if wells or pockets could be constructed, so that as 
these irrigation ditches dry up, the fish would gradually collect in 
these deep places where they could be systematically handled. 

In regard to the fish screen, it is still necessary to find some 
practical, usable, non-clogging screen and to educate the people 
to its use. I know from personal contact with the authorities of 
the United States Reclamation Service, that they stand ready to 
forward any well-devised movement in that line. 

The salvage of fish from overflow of rivers has been in operation 
to some extent in parts of the country, but there is still much 
waste where this important opportunity is neglected. It has been 
carried on by the Bureau of Fisheries and by some states for a 
number of years, but must be extended to other localities. It is 
important also, that advanced steps should be taken relative to 
the methods and the necessity of developing and utilizing the full 
producing powers of public and privately owned waters, not as a 
temporary, but as a permanent source of food and recreation. 

The state universities should be called upon by the people to 
give more extended instruction in aquatic biology and in related 
chemistry and physics and in all problems involved in the com- 
plete utilization of the water and of the fish for food and recreation, 
and should closely scrutinize existing and proposed laws to elim- 
inate biological blunders. At various times this has been urged 
by Dr. Smith, the U. S. Commissioner of Fisheries, and some of 
the state universities are already working on these lines, but there 
must be a wide extension. 

One of the most important applications of biology and of 
science, I believe, is in educating the legislatures as to the import- 
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ance of these things. They should be encouraged to promote more 
extensive development of fish cultural operations, both in public 
waters by special concessions and particularly in private waters 
under beneficial laws by public and private capital. It is possible 
in many projects, where the waters are now used for the irrigating 
of land, to interpolate ponds in these irrigation systems where the 
water could be used for rearing fish and then passed on from the 
fish ponds into the ditches to irrigate the land in the usual manner. 
The person who may wish to develop ponds frequently cannot 
afford to put in a permanent and satisfactory water supply at his 
own expense, but the great reservoirs of the United States Reclama- 
tion Service might in many cases be utilized, after the requisite 
legislation has been enacted and the proper regulations made for 
supplying fish ponds. It would mean a tremendous extension of 
the wise utilization of this water for producing food. In the case 
of the irrigation projects, this double utilization of water would 
mean an additional source of income, as the owner of the fish pond 
could afford, as well as the person irrigating the land, to pay a 
reasonable sum for the use of the water. 


Improved methods of distribution and marketing fish are still 
imperatively necessary, in spite of the fact that great progress has 
been made in the past five years. Enormous quantities of shrimp, 
lobsters and crabs, among the shell-fish, and of all species of fish, 
are still wasted. Of this you need no better evidence than can be 
found in any of the fish markets in the large cities. Even within 
twenty-four hours of the mouth of the Columbia River, I was 
warned that it was positively dangerous to eat. fish on any day 
except Friday or Saturday, for the reason that the supply came in 
only on Thursday night. On Friday and Saturday it was safe, 
but after that there was positive danger of ptomaine poisoning. 
That is within twenty-four hours of the supply of a main original 
source of salmon, halibut and Pacific cod; and more than that, it 
is in the center of an area abounding in mountain streams and 
extensive lakes. 


It is perhaps unnecessary at this point to speak of the import- 
ance of state and federal hatcheries and rearing ponds on public 
waters. There should be an extension of methods of practice of 
caring for the ripe fish caught for market both on the lakes and on 


Proceedings Forty-seventh Annual Meeting 61 


the Pacific and Atlantic coasts. There should be increased 
utilization of the fish wastes. 


I believe the most important biological problem of the nation 
today is the destructive effect of immense drainage projects carried 
out at the instigation of petty lawyers and promoters seeking to 
make profit for themselves. They are entirely neglectful of the 
great damage resulting from the enormous amount of flood water 
which is turned into the streams prematurely by draining swamps 
and lakes in addition to the normal run off. Much of the benefit 
arising thus from the extension of agricultural areas is negatived 
by the destruction wrought by flood or drought. Unwise drainage 
operations may even tend to hasten the progressive drying up of 
the continent. 


It is estimated that the annual loss from floods in the Mississippi 
Valley alone averages over $50,000,000.00. It does not require 
a very large area of land to produce that amount in wheat 
and there is no reason why we should not develop that land for 
wheat production and at the same time, by wise selection of the 
area to be drained, safeguard the inhabitants on the lower river. 
But because of the lack of co-ordination in the development of 
these projects in the past we have, so to speak, robbed Peter to 
pay Paul. 


These questions cannot be settled by the United States alone. 
We are joined in ties of friendship and brotherhood with our 
neighbors on the north, Canada, and on the south, Mexico. The 
evidence of these ties is much stronger at present at the north 
than at the south, but we cannot help feeling that ultimately, 
conditions will become adjusted both north and south to greatly 
benefit the entire continent. 


President Field then introduced Hon. Honore Mercier, Min- 
ister of Colonization, Mines and Fisheries of the Province of 
Quebec, who spoke briefly as follows: 


““Mr. President: As I have no special subject assigned to me I 
will refer briefly to the fisheries with which I am best acquainted, 
those of the Province of Quebec. These may be divided into two 
classes, the inland and the coastal fisheries. The control is also 
divided, the Dominion framing the laws regulating closed seasons 
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and the methods by which fishes may be taken, while the enforce- 
ment of the laws belongs largely to the province. 

At present there is a dispute between the Federal Government 
and the Province of Quebec as to whether or not the Dominion 
has absolute control of fisheries in tidal waters, but by mutual 
consent the interpretation of the constitution on this question has 
been left to the courts, with the understanding that the case will 
go to the highest court of the empire, the Imperial Privy Council, 
for a definite decision. 

Our sole control of the inland waters is unquestioned. No 
less than ten million acres of our territory are covered with water. 
We have thousands of lakes, large and small, some of them hun- 
dreds of square miles in extent. Many are richly stocked with 
the largest and gamest specimens of brook trout and others contain 
lake trout or black bass. Our salmon rivers are in a class by 
themselves. They flow for the most part into the lower St. 
Lawrence and the Baie des Chaleurs. The entire St. Lawrence 
River, from the Ontario boundary down to the Gulf, is in the 
Province of Quebec and upwards of a hundred and thirty rivers, 
large and small, flow into it. It has been estimated that our 
coastal fisheries cover approximately 4,500 miles of coastline along 
the two shores of the St. Lawrence and the Gulf, the north shore of 
the Baie des Chaleurs, the eastern shore of Hudson and James 
Bays and the entire shore line of Ungava Bay. In the St. Law- 
rence River we have also the lakes St. Francis, St. Louis, Two 
Movntains and St. Peter. 

The Federal Government operated all the fish hatcheries of 
Quebec Province up to two years ago, when it abandoned four of 
the inland ones. Our province accepted a transfer of these and 
assumed their cost.” 


Mr. E. T. D. Chambers of Quebec, in charge of the fish hatch- 
eries of the province, Secretary of the North American Fish and 
Game Protective Association, and well known as an author on 
Canadian fishes, was introduced and responded with a brief 
address. 

“No one could listen to the presidential address this morning 
without appreciating how many sided is this question of North 
American fisheries, their commercial value and the large contribu- 
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tion they make to the food supply of the world. This contribution 
was never more important than at the present time when the 
people of both our countries here are looking toward this food sup- 
ply and when we wish to contribute largely to the supply of food 
for our Allies in Europe. From whatever angle we view the 
fisheries of North America we cannot fail to be interested. 

We have been taught to believe that our progenitors in this 
country came here simply in search of liberty and that the early 
French explorers were actuated by the desire to start a new 
civilization. However, as I read history, I find that the stories of 
the great wealth of the fisheries brought out large numbers of the 
earliest pioneers and that the keen perception of the statesmen of 
France resulted in a great merchant marine based upon the trade 
in this branch of commerce. 

The early French governors of Canada were led to insist upon 
the development of the fisheries, and to encourage them by state 
assistance and so very few concessions were granted. One of the 
concessions that were given was granted to no less a person than 
the great explorer Joliet. 

It was only natural that rivalries should spring up between the 
fishermen of these new countries that led to some little misunder- 
standings, but I am proud to say that for more than a hundred 
years all such questions and disputes have been settled by treaty. 
May we not hope that before long the work undertaken by Pro- 
fessor David Starr Jordan, representing the United States, and 
Professor E. E. Prince, of the Dominion of Canada, will result in 
putting into effect the best, if not all, the recommendations they 
have made concerning the international fisheries of our countries.”’ 


The session adjourned for a few minutes to permit the 
Association of Fish and Game Commissioners to complete certain 
business, whereupon the Society again resumed work. 


REPORT OF THE COMMITTEE ON TIME AND PLACE 
OF MEETING. 


Mr. A. L. Millett, chairman, presented the report, stating that 
the committee had decided unanimously to meet at some point in 
the State of New York, and the date selected to be sometime in 
the week of September 11, 1918. 
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Mr. John P. Woods moved the adoption of the report, which 
was unanimously carried. 


Mr. John W. Titcomb, Chairman of the Committee on Mem- 
bership, presented the name of Hon. Honore Mercier for election 
as an honorary member of the Society. President Field called for 
a rising vote which was declared to be unanimous. 


The next speaker to be introduced by the President was 
Hon. W. A. Killian, State Commissioner of Fisheries of Maryland. 
An abstract of Mr. Killian’s remarks follows: 


HON. W. A. KILLIAN’S ADDRESS. 


‘‘T have often wondered why the fisherman of any region have 
so devastated their source of livelihood, but perhaps the suggestion 
that it goes back to the Pilgrim Fathers and to misconceived ideas 
of the right of free fisheries, is correct. But it is wonderful what 
the conservation idea can do in a community when the logical 
consequences of waste and the fact that their livelihood has been 
destroyed is brought home to the fishermen themselves. 


One of the first things recognized when the Maryland Con- 
servation Commission was created—and I take it the same has 
been true in other states—is that very little can be accomplished 
until there is real co-operation between the states which have 
common interests. It was a by-word for years that no co-operation 
could be expected between Maryland and Virginia and one of the 
largest industries of these states, namely the oyster industry, had 
gone wrong, merely because the Potomac River forms the boun- 
dary line. The crab and fish industries also suffered greatly for 
the same reason. Fortunately, it was possible to arrive at an 
understanding. I wish to say for your encouragement that if the 
commissions of any two states will get together and cut red tape 
and form a joint partnership for handling the work they can get 
somewhere. That is what we have done and when we get together 
on the boundary line we have present all those who are charged 
with any part of the work. While we have had only one year of 
such co-operative work, enormous benefits are already apparent. 

It is much easier to secure respect for law if the people appre- 
ciate the benefits to be derived. We have recently devised a plan 
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to reach the people directly by sending out a small leaflet to each 
person concerned, whose name we can secure, and we hope to at 
least afford them a knowledge of what legislation is proposed and 
when it becomes a law. 

The blue crab, which is a very valuable product, was rapidly 
disappearing and it was difficult to secure the enforcement of 
legislation on account of ‘‘county exemptions”’ and the failure of 
some local justices to do their duty. But county exemptions are 
now prevented by law and delinquent justices were advised that 
unless they construed the law in accordance with its new interpre- 
tations they would be invited before a grand jury, so we have had 
no more trouble. 

We do not hesitate to arrest a citizen of Virginia, because our 
laws are similar, and if the police of either state apprehend a vio- 
lator, he is taken before a justice of the state in which he is a citizen. 
In one instance a Virginia oyster man attempted to land a consid- 
erable cargo of undersized oysters in Maryland. He was told that 
he could not land illegal oysters, but must cull them. This was a 
big job, but after he had culled them we permitted him to land 
the big ones. Then we took him to Virginia where he was fined a 
considerable sum and was made to return the small oysters to the 
beds. That was only necessary once last year. 

Another law, recently passed, deals with the pollution of streams 
and tidal waters, which provides not only for a fine, but also for 
imprisonment for one to three years. We do not intend to be too 
drastic in its enforcement and we propose to send a copy of the 
law to every factory, large or small, asking every one to study his 
own problem and to eliminate harmful waste. I fully believe that 
if we could get the intelligent co-operation of those industries that 
are discharging harmful wastes into the waters, we should soon 
get back to the basis of greater food production.” 


Mr. Wm. C. Barber, of Wisconsin, in discussing the foregoing 
address, related a number of cases in which local justices had made 
improper rulings in sympathy-with the offenders until warned of 
malfeasance. Juries also had to be warned that would be arrested 
for perjury unless they found in accordance with the evidence 
and the law. 
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President Field also cited a case where fishermen, who were 
prevented from selling polluted quahog clams in Massachusetts, 
petitioned to be allowed to ship them to New York. It was 
practically impossible for the state authorities to prevent this, 
but federal officers were notified and intervened. If these facts 
were known, that the federal authorities are now in a position to 
deal with interstate commerce on forbidden goods of whatever 
sort, a very great influence could be brought to bear to prevent 
such violations. 


The next address, “Importance of a Permanent Policy in 
Stocking Inland Waters,” by Mr. John W. Titcomb, State Fish 
Culturist of New York, has already been printed in full in the 
December, 1917, number of ‘the Transactions, Vol. XLVII, 
pp. 11-21. 


The session adjourned. 


Afternoon and Evenirg of Thursday, August 3Cth. 


The afternoon of the 30th was spent on an automobile tour as 
the guests of the clubs of the city. This terminated in the evening 
at the Automobile Club where dinner was served. At the close of 
the dinner the Society convened for an evening session. 

Mr. Harold Harris, on behalf of the various clubs, acting as 
host of the occasion, made a brief address of welcome and called 
upon the following members, each of whom responded briefly: 

Mr. Honore Mercier, Minister of Colonization, Mines and 
Fisheries of Quebec. 

Mr. James White, Deputy Head of the Conservation Com- 
mission of Canada. 

Mr. M. L. Alexander, President of the National Association of 
Fish and Game Commissioners and Conservation Commissioner 
of Louisiana. 

Dr. Geo. W. Field, President of the American Fisheries Society. 

Mr. Henry O’Malley, of the U. S. Bureau of Fisheries, Vice- 
President of the American Fisheries Society. 
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Prof. Henry B. Ward, of the University of Illinois. 

Mr. John W. Titcomb, State Fish Culturist of New York. 

Judge J. H. Kirk, State Fish and Game Commissioner of 
North Dakota. 

Mr. F. Brash, Chief Game Warden, Saskatchewan, Canada. 

Mr. G. A. Smith, State Fish Commissioner, of Oklahoma. 

Mr. Geo. H. Graham, Fish and Game Commissioner of 
Massachusetts. 

Mr. John M. Crampton, Superintendent of Fish and Game of 
Connecticut. 

Mr. Carlos Avery, Fish and Game Commissioner of Minnesota 
and Secretary of the American Fisheries Society. 


Adjournment. 


Friday Morning Session, August 31st. 
President Field called the meeting to order and asked for the 
reports from the committees. 
REPORT OF THE NOMINATING COMMITTEE. 


Mr. John P. Woods presented the report, in which the fol- 
lowing were suggested for Officers of the Society for the year 
1917-18: 


PEF ESEO CIE eke a eee eee oe age ene Mr. HENRY O’MALLEY 
Wace=Presiaent— -. od ee ee eRe MO ATEXANDER 
IREGOVALIE SCCVELOTM setae ois, Re Mr. Joun W. Titcoms 
LOA GUSTI AG ie ORE ea hoe. on PORES Bc OER Mr. A. L. MILLETT 
HDG OMa wee Oh a untae att age ace Cae Pror. Raymond C. OsBURN 


Vice-Presidents of Divisions 


Hish Culture. ....%).. Dwicut LyDELL, Comstock Park, Mich. 
Aquatic Biology and Physics... HENRY B. Warp, Urbana, III. 
Commercial Fishing... ,.....- 22 sect: J. F. Moser, Alameda, Cal. 
Fs 0002 bb 0, aae pee a a DANIEL B. FEARING, Newport, R. I. 


Protection and Legislation, Geo. A. LAwyEerR, Washington, D. C. 
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Executive Committee. 


GCARTOS AVERY: Chairman ss: sek con oe St. Paul, Minn. 
NIOHN SE AWOODS 3c ihe. ac sce, shane es er St. Louis, Mo. 
(OHNO: eARSONS).) fe. 2652 Se ee eee Accomac, Va. 
(MOEA FORD = 020k: Ores 1 2). ek Bite ba Ot ens Hackettstown, N. J. 
Ate CORSA IAD SF re S.CIN. le PI a ea as eke cee ee Frankfort, Ky. 
WY seialelis ASCTMET PAGING 95, 90's, 2 Se Se Mar aie creas ae Baltimore, Md. 
CAREY WESTER EE DD <2.) te. cco eee eet ae San Francisco, Cal. 


Committee on Foreign Relations. 


GEORGE SHIRAS, 3D, Chairman............. Washington, D. C. 
IPOH IV MIE oe ohctn Ries one se ee eG Washington, D. C. 
VOW ARIBER * o.0 ofo 8 5i ees 0 Pee oO eee eee Madison, Wis. 
“PNT DREN © 0 i 1 rer are a Ottawa, Canada. 
GAS. PeaVWVERSON aol el ts, Solecroused aoe Sy Saas Aen Glen Falls, N. Y. 
Committee on Relations with National and State Governments. 
JAcoB REIGHARD, Chotrman....2....2..00. Ann Arbor, Mich. 
Warcotin .PENEEY 2 . 78s calc cee amen te ee eae Portland, Ore. 
Ven. SATARIS: 21% Sele. tsk An Cee OP naeees Boston, Mass. 
EESWESIEESON Ge yh carne cule cece as cote ae See ee Washington, D. C. 
a ch. CHAMBERS. 0.) Jes oa soe Soe ke ee Quebec, Canada 
Publication Committee. 
Raymonp C. Ospurn, Chairman.............. Columbus, Ohio 
IBASHFORD SEAN) 45.) Wicissir amin sie « See eee New York, N. Y. 
SOHN es INECHOUS «0... sean 4 ae ese oe ae eva New York, N. Y. 


It was moved and carried that the Secretary cast one ballot for 
the officers named. 


COMMITTEE ON FOREIGN RELATIONS. 


No formal report was presented, but Hon. George Shiras 3rd, 
Chairman, outlined some of the problems which had come before 
the committee for discussion. One of these was the question of 
Federal control of migratory fishes on a similar basis to the migra- 
tory bird law. Also the question of government control of tidal, 
interstate and international waters, and the proposition to extend 
the three mile limit to twenty miles with control of the fisheries 


<r ee 


Proceedings Forty-seventh Annual Meeting 69 


over that area. Some of the difficulties and possibilities of legis- 
lation along these lines were suggested in order to acquaint the 
Society with the work with which the committee is engaged and 
on which it intends to report later. 


COMMITTEE ON AMALGAMATION OF THE AMERICAN FISHERIES 
SOCIETY AND THE PACIFIC COAST FISHERIES SOCIETY. 


Mr. Henry O’Malley, Chairman, reminded the Society that 
his committee was appointed at the San Francisco meeting in 1915 
to consider the amalgamation of these societies and that the 
By-laws of the American Fisheries Society were changed at the 
time to provide for branches. He reported that the Chairman of 
the Executive Committee of the Pacific Coast Fisheries Society 
informed him that at their meeting, held in July, 1917, it was 
unanimously voted to join hands with the American Fisheries 
Society. He further stated that all that remains to be done is to 
get in touch with the proper officers of the Pacific Coast Society 
and the amalgamation may be properly concluded at the next 
annual meeting, and suggested that a committee be appointed to 
take charge of the matter. 

Mr. John P. Woods moved that the present committee be 
continued to complete the arrangements and the motion was 
unanimously carried. 


REPORT OF THE AUDITING COMMITTEE. 


Mr. Geo. H. Graham, Chairman, reported that the Auditing 
Committee had examined the Treasurer’s account and found it to 
be correct and accompanied by the proper vouchers. 


A motion that the report be adopted was put and carried. 


Discussion of Mr. Titcomb’s Paper. 


The address presented by Mr. John W. Titcomb on the pre- 
vious day was then taken up for discussion, (See TRANSACTIONS, 
December, 1917, pp. 11-21, where this paper appears in full), and 
Mr. Titcomb first gave a resume of the paper. 

Mr. Wm. E. Barber, of Wisconsin, stated that as an emergency 
measure the Wisconsin Commission in 1917 was ordered to over- 
see the distribution of rough fish within the state boundaries. 
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These were marketed at five cents a pound. Carp were distributed 
in eight different places and in Milwaukee 36,000 pounds a month 
were taken. He stated also that the Wisconsin fish and game laws 
had been codified, resulting in more uniformity. 

Mr. John M. Crampton, of Connecticut, called attention to 
the pollution of waters and cited a number of very flagrant cases 
of pollution resulting in the death of fish in the State of 
Connecticut. 

President Field stated that the ordinary game laws lack elastic- 
ity in meeting the situation. With the improved presonnel in the 
boards of commissioners, they should be given greater responsi- 
bility and allowed to make regulations to meet existing conditions 
as they rapidly change, since it often happens that before a law 
can be passed and enforced the condition has passed beyond 
all remedy. 

Mr. Geo. H. Graham, of Massachusetts, deplored the fact 
that changing political conditions bring about changes in the state 
commissions and make for changes in policy. If there is any pos- 
sible way by which a permanent policy can be arranged for, it 
should be established. The indiscriminate stocking of waters is a 
great evil, because once obnoxious species are established, it is 
impossible to get rid of them. Mr. Graham mentioned numerous 
cases in New England where improper stocking had resulted in the 
production of undesirable fishes to the detriment of more desirable 
species. 

Mr. Titcomb, continuing the discussion, stated that there are 
many lakes in which the trout fishing has been spoiled by the 
introduction of other fishes such as the bass, pickerel and carp. 
Where pickerel have come to stay, trout planting may as well be 
stopped and other food fishes like the perch introduced, which 
will feed the pickerel and also afford food for those who are not 
expert anglers. Where black bass have been introduced into New 
York and New England waters there is a general closed season on 
them covering the breeding period, though the bass do not thrive 
very well in these trout waters. 

Mr. Titcomb recommended that the closed season be removed 
from the bass, thus reducing their numbers and also offered the 
suggestion that the bass nests be screened so that after hatching, 
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the young may be removed to other places where it is desired to 
propagate the bass. In a similar manner the perch eggs may be 
collected and all these measures tend to give the trout a better 
chance. The carp has been introduced into many New York 
waters that are not particularly suited to them, but the general 
fisheries laws protect them during the breeding season. If pro- 
vision was made to permit taking them during the breeding season 
they would be valuable for food and at the same time their num- 
bers would be reduced in favor of more desirable fishes which are 
better suited to these waters. 


Fish Waste, Past and Present. 


BY DR. S. P. BARTLETT, 
U.S. Bureau of Fisheries, Quincy, I11. 


(For this paper, see TRANSACTIONS, Vol. XLVII, No. 1, Dec., 1917, pp. 22-27) 


Professor Henry B. Ward, in discussion, called attention to the 
fact that the public are often misled into the belief that carp, 
bowfin and other cheaper fish are worthless as food, or are even 
dangerous, while as a matter of fact the choice between salmon or 
whitefish and carp has no bearing on the question of nutrition. 
One is as wholesome and nutritious as the other, yet many people 
have been prejudiced to the extent that, when they cannot afford 
to buy the higher priced fishes, they refuse to take any. Professor 
Ward praised the merits of smoked carp and bowfin and cited a 
demonstration by an expert in home economics which proved to a 
group of previously prejudiced women that these fishes when 
smoked are preferable to finnan haddie. Experts in fisheries 
matters especially should be careful, praticularly in these days of 
high prices, that the public is made to understand that these 
cheaper fishes are as nutritious as any others and that they can be 
prepared in ways to make them highly desirable. 


Mr. Carlos Avery, of Minnesota, mentioned the need in his 
state of a campaign of education on the edible qualities of the 
carp, especially in the fresh condition. Millions of pounds of 
carp are being shipped outside the state, but they are not being 
utilized at home as they should be. 


Mr. John P. Woods, of Missouri, stated that the U. S. Bureau 
of Fisheries is glad to furnish recipes for cooking the various kinds 
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of fish. He mentioned the fact that he had served carp as “silver 
salmon” to a party of friends, all of whom thought it as good fish 
as they had ever eaten. The whole difficulty lies in prejudice. 

Mr. John W. Titcomb, of New York, cited a similar illustration. 
At a meeting of the sportsmen and anglers of Vermont, at which a 
number of distinguished fisheries experts were present, carp was 
served under the disguise of ‘“‘red snappers.” The carp, with a 
recipe for cooking them, had been sent from Illinois by Dr. 
Bartlett. Some of the guests thought they were whitefish, others 
that they were pike-perch, but no one knew what he was eating 
and all enjoyed and praised the fish. He spoke also of serving 
smoked carp at a meeting of the conservation commission and 
all agreed that they preferred it to smoked halibut. He admitted 
that he had referred to carp in certain New York waters as 
“vermin,” but did not wish to be misunderstood. There is a 
great demand for carp in New York City and many New York 
lakes are filled with these fish, but there is no provision for taking 
them except by angling and it would be better if several hundred 
thousand pounds could be removed annually and utilized. 

Mr. Wm. E. Barber, of Wisconsin, explained how the state 
handled carp during the summer of 1917. The Council of Defense 
issued bulletins and distributed them generally to the mayors of 
cities and newspapers. Then 2,000 lbs. of carp were shipped to 
Milwaukee and sold out in less than an hour. Then 3,000 Ibs. 
were disposed of in a half hour, then 5,000 lbs., after which they 
took all they could get. At Madison, Oshkosh and elsewhere, they 
soon became popular. Now the fishermen are allowed four cents 
a pound for the fish, the state adds another cent for expenses and 
the city another cent. This allows them to be sold at six cents a 
pound and it is believed that the state will take its whole output. 
The carp, living in muddy water, naturally have a muddy taste, 
but if they are cleaned and the skin removed, and are then soaked 
in salt water over night they will be as good fish as anyone 
could wish. 

Professor Ward also insisted upon the advisability of skinning 
the carp before cooking and recalled his experience in Germany, 
where the carp command a higher price than trout because they 
are marketed alive and in this condition can regularly be bled 
when killed for cooking. 
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Mr. John L. Curran, of Rhode Island, called attention to the 
fact that carp are sold in Providence only in the Jewish markets. 
He stated further that shark meat has advanced in price on 
eastern markets, but both sharks and skates should be utilized 
to a much greater extent. The squid is scarcely utilized at all. 
The flounder and fluke are scarcely known on the markets except 
on the coast, though we all know their delicate qualities when, 
under the magic of the cook, they become “‘filet of sole.” 


Mr. Henry O’Malley, of the U. S. Bureau of Fisheries, stated 
that the Bureau is preparing a pamphlet on the carp, giving recipes 
for cooking and instructions for ridding it of any muddy flavor. 
He stated that over 500,000 lbs. of smoked carp, requiring 
1,500,000 Ibs. of fresh carp for the preparation, were marketed in 
New York City last year. The carp market of New York is one of 
the big fish centers of that city. 


Discussion of Stream Pollution. 


A paper on stream pollution by Mr. G. A. Smith, Commissioner 
of Fisheries of Oklahoma was called for, but owing to the absence 
of the author was not read. President Field suggested that the 
question should be discussed as a matter of record. 


Mr. Geo. Shiras, 3d, of Washington, D. C., stated that the best 
way to secure action in cases of stream pollution is by interesting 
local health departments, after a careful study of conditions 
involving the economic side of the question. Many streams are 
little better than open sewers and the health authorities are the 
proper means for remedying this condition. Individuals owning 
land along a stream can sue anyone polluting the stream for the 
abatement of the nuisance. The state may take the lead in pollu- 
tion cases, but in the case of very important mills or other plants, 
it is difficult to obtain action. But what is especially needed is 
general congressional action regarding interstate waters, for it is 
especially the larger streams in which it is most difficult to prevent 
pollution and many of these are interstate waters. The Supreme 
Court of the United States has already laid down the general 
principle that no state has reason to pollute the waters of another 
state. At present, however, the only redress is for the one state 
to bring continued legal action against the other, and what is 
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needed is congressional authority for an interstate waterways 
commission of scientific men capable of passing on the question 
of pollution. 


The Difference Between Steel-head and Rainbow Trouts. 
By Mr. W. M. Keil, of Tuxedo Park, N. Y. 


In the absence of Mr. Keil his paper was read by title, but a 
series of drawings and X-ray photographs was shown. 


The following papers were also read by title: 


Trout Fishing near Winona and Manner of Stocking Streams. 
By Mr. Earl Simpson, Winona, Minn. 


Fisheries in the Mississippi Valley. 
By Mr. D. C. Booth, of Homer, Minn. 


Fisheries of the Upper Mississippi. 
By Mr. M.N. Lipinski, of Winona, Minn. 


Mr. Austin F. Shira, Director of the Fairport Biological Station 
of the U. S. Bureau of Fisheries, was then called upon for his 
paper on Fish Cultural Activities of the Fairport Biological Station. 
(This appears in the Transactions for December, 1917, Vol. 
XLVII, No. 1, pp. 39-44.) 


The morning session was then adjourned. 


Friday Afternoon Session, August 3ist. 


Mr. Geo. A. Lawyer, of Washington, D. C., moved that the 
chair appoint a committee to formulate a statement of the essential 
principles relative to the conservation of fisheries resources. The 
motion was seconded and carried. 


Experiments on the Re-stocking of Devils Lake, N. Dak. 
By Mr. Alfred Eastgate, St. John, N. Dak. 
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On Sending Fishing Tackle to Our Brother Sportsman With the 
Allied Armies. By Mr. J. W. Johnston, Rochester, N. Y. 

One of the problems which confronts those interested in the 
welfare of the soldiers of the Allied Armies is that of providing 
healthful recreation during their spare time. About the middle 
of June an article by Miss Clara Norton appeared in the New 
York Times suggesting that fishing tackle be supplied, and the 
British sportsmen, through the Fly Fisher’s Gazette, have fathered 
such a movement in Great Britain. The tackle, consisting of 
rod, reel, line, hooks, etc., has been put up in packages and for- 
warded, usually through the Young Men’s Christian Association. 
There are many sportsmen in the army and, if they can be pro- 
vided with the means of spending an idle hour pleasantly, the 
influence will be very great, for the problem of recreation is a very 
important one. 

If this movement is supported by such a body as the American 
Fisheries Society that fact will have its influence. (Abstracted.) 

PRESIDENT FreLp: No doubt there are many of the members 
of this Society who will be glad to contribute tackle, or money to 
provide for it, and I see no reason why the Society as a whole 
should not indorse the movement. 

Mr. Joun P. Woops: I think we should support this measure, 
for while we may be scientists, naturalists and so forth, we also 
have good sporting blood in us. 

PRESIDENT Fretp: I think that voices the sentiment of the 
whole Society. 


The Mussel Beds and Fisheries of Louisiana 
By Mr. E. A. Tulian, of New Orleans, La. Read by title. 
The Eggs of Buffalo-fish. 
By Mr. H. L. Canfield, Superintendent of Fish Culture, 
U. S. Biological Station, Fairport, lowa. 
Fish Farming. 
By Mr. John P. Woods; Missouri State Fish Commissioner, 
St. Louis, Mo. Read by title. 
Increasing the Output. 
By Mr. W. O. Buck, U.S. Bureau of Fisheries, Neosho, 
Mo. Read by title. 
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REPORT OF COMMITTEE ON RESOLUTIONS. 
Presented by Prof. Henry B. Ward. 


I. Resolved: That the American Fisheries Society hereby 
expresses its thanks to the members of the Local Committee and 
the Clubs of St. Paul for the entertainment which has been 
provided during the meeting and which has made our visit one to 
be remembered. 

II. Resolved: That the State Fisheries Authorities of Minnesota 
be assured of our obligation to them for their interest in this 
meeting of our Society; and 

III. Resolved: That our special thanks are due to Commissioner 
Carlos Avery, who, as Secretary of this Society, has been largely 
responsible for the great success of this meeting. 


These resolutions were adopted by vote of the Society. 


Protection and Destruction of Food Fishes in the Great Lakes. 
By Mr. S. W. Downing, U. S. Bureau of Fisheries, Put- 
in-Bay, Ohio. 

This paper appears in full in the Transactions for December, 

1917, Vol. XLVII, No. 1, pp. 28-35. 


A Hatchery Maintained by a Fish and Game Protective Association. 
By Mr. C. H. Bower, of Columbus, Ohio. Read by title. 


The Establishment of Fisheries Schools. By Dr. O. T. Olsen, 
Grimsby, England. Read by title. 


The General Routine of a Trout Hatchery. By Mr. R. L. Ripley, 
Bayfield Fish Hatchery, Bayfield, Wis. 


No discussion. 


Additional Notes on Rearing the Channel Catfish (Ictalurus punc- 
tatus). By Mr. Austin F. Shira, Director, Fairport Biolog- 
ical Station, Fairport, Iowa. 

This paper appears in full in the December, 1917, number of 

the TRANsaAcTIONS, Vol. XLVII, No. 1, pp. 45-47. 


Improve the Canned Fish Product. By Mr. K. Hovden, Monterey, 
California. Read by title. 
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Mixing Trout in Western Waters. By Aldo Leopold, U. S. Forest 
Service, Albuquerque, New Mexico. Read by title. 


Secretary Avery read letters from Dr. Chas. H. Townsend, 
Director of the New York Aquarium, from Dr. Raymond C. 
Osburn, the Editor of the Society and from Mr. N. R. Buller, 
Commissioner of Fisheries for Pennsylvania. 


PRESIDENT FiELp: My last duty, before this annual meeting 
is brought to a close, is the appointment of the committee pro- 
vided for by your action, as the result largely of the suggestions 
made in Mr. Titcomb’s paper. This Society needs a creed and 
its creed should be in such form that it can be applied to specific 
cases both in Federal and State legislation. The committee to be 
named is to formulate a statement of the fundamental principles 
essential to legislative practice relative to the proper utilization of 
the fisheries resources of the United States. I will ask Mr. John 
W. Titcomb, of New York, to act as chairman, with Mr. Chas. O. 
Hayford, of New Jersey, and Dr. Chas. H. Townsend, Director of 
the New York Aquarium, and the incoming President, Mr. Henry 
O’Malley, of the United States Bureau of Fisheries, as a member 
ex officio. 


Editor's Note—The committee above named has drafted the 
following set of resolutions, which, although the Society has had 
no opportunity for formally approving them, are of such import- 
ance that they should be made public as soon as possible. 


REPORT OF COMMITTEE ON PRINCIPLES OF LEGISLATION RELATIVE 
TO PROPER UTILIZATION OF FISHERIES RESOURCES. 


WHEREAS, Under the stress of present conditions the nation 
has been brought to look carefully into the character and the 
amount of its various food supplies; and, 


WHEREAS, In the past it has, through lack of attention, failed 
to appreciate in any real sense the significance of its food fishes 
and the opportunities afforded by its numerous and varied water 
bodies to produce a large and important element for the food sup- 
ply of the nation and, 

WHEREAS, We, members of the American Fisheries Society, in 
session at the Forty-seventh Annual Meeting held at St. Paul, 
Minnesota, by virtue of our contact with the fishing industry and 
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knowledge of its problems and opportunities, being thus aware 
of the dangers in the situation and cognizant of the various lines 
in which the nation can be benefited at the present time, desire to 
record in formal manner those fundamental principles which 
appear to be essential to wise legislation and to effective work for 
the proper utilization of the fishing resources of the nation, and do 
accordingly express these views; and, 

WueEreEas, Under the stress of war conditions expert advice and 
trained supervision is even more necessary than in ordinary 
times; and, 

Wuereas, Hasty or inexperienced action may easily result in 
the depletion of natural resources which cannot be restored within 
a long period of years; and, 

WHEREAS, In the staff of the United States Bureau of Fish- 
eries, and in the trained experts of the State Bureaus, Commissions, 
and Hatcheries, the country is possessed of a body of highly 
trained men devoted to the needs of the nation as a whole and 
qualified to speak on special problems of fisheries in the war with 
the knowledge and experience that will guard against the evident 
danger of hasty action; and, 

WHEREAS, proposals have been made to suspend or revoke laws 
for the regulation of fisheries which have grown out of long experi- 
ence and careful study of conditions regarding the habits, growth, 
and multiplication of fish on the one hand, and the practical con- 
ditions of the fishing industries on the other hand; and, 

WueErEAS, The shad, striped bass, and other anadromous 
species have decreased in some rivers almost to the point of 
extinction, because of fishing devices operated in the salt and 
brackish waters through which they must pass to reach their 
natural spawning grounds in fresh water; and, 

WueEreas, Artificial propagation of these species is impossible 
and natural reproduction is prevented unless a reasonable supply 
of such fishes is allowed to reach their natural spawning grounds 
in fresh waters; therefore, 

Be It Resolved, That the expression “letting down the bars”’ 
as applied to the fishery resources of the country is unfortunate, 
national welfare demands the greatest development of the said 
fisheries, including fish culture and the artificial propagation of 
food fishes to the highest possible point of efficiency ; 

Resolved, That commercialization of the so-called game fishes 
is not conducive to their proper conservation but would tend to 
destroy a limited but valuable food product—the annual catch 
under present restrictive laws, aided by artificial propagation, 
being barely sufficient to maintain a reasonable annual supply; 
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Resolved, That the taking of non-game food fishes, under proper 
supervision, be encouraged in every legitimate manner consistent 
with the preservation of a sufficient breeding stock to insure a 
future normal crop, (in states where required, necessary legislation 
to this end should be enacted) ; 

That many waters in which the so-called game fishes predom- 
inate contain also rough fish such as carp, suckers, bowfin, gars, 
etc., and in such waters the removal of these non-game fishes will 
be beneficial to angling, and a limited amount of commercial 
fishing, under proper regulation, should be encouraged; 

Resolved, ‘That the anadromous fishes should be permitted to 
ascend the rivers from the ocean in sufficient numbers to maintain 
a constant and normal supply, and that to this extent the com- 
mercial fishing should be subject to proper regulation; and, 

Be It Resolved, That a solution of this problem relating to the 
alarming decrease of these species rests in the Federal control of 
all anadromous fishes; and, 

Be It Further Resolved, That a copy of these resolutions be 
forwarded to the Bureau of Fisheries, the United States Food 
Administration, and the fisheries authorities of the various states. 


(Signed) Joun W. Titcoms, Chairman. 


President Field then introduced the incoming President, 
Mr. O’ Malley, who spoke very briefly. 


On motion by Mr. John P. Woods, the Society expressed its 
appreciation of the work of President Field by rising, after which 
it formally adjourned. 


EDITORIAL. 


The Next Annual Meeting. The Forty-eighth Annual Meeting 
of the American Fisheries Society will be held in the State of 
New York on September 9, 10 and 11, 1918. The exact place 
of meeting has not yet been determined but will be announced 
later. There has been considerable discussion in the various 
scientific societies as to the propriety of holding meetings under 
present conditions of travel and railway congestion. While it 
may be advisable for certain societies to forego their meetings, it 
seems to the writer that there never has been a time in the history 
of this Society when a full attendance at the regular meeting was 
more desirable. A very large percentage of our membership 
consists of men who are interested in the practical and economic 
phases of fisheries work; and conservation, greater utilization 
of fish, especially the cheaper kinds, the increased use of 
by-products, greater production, improved methods of marketing, 
etc., are matters which concern the welfare of the whole nation, 
now and in the future. Keep the date of the meeting in mind 
and be fully prepared for the discussion of these and other 
important problems of wide application. 


* * * 


Fresh-water Biology. By Ward and Whipple.—A Review. 


The members of the American Fisheries Society will all be 
interested to learn that a most important publication bearing the 
above title has just made its appearance from the press of John 
Wiley and Sons, New York. The responsible authors, Dr. Henry 
Baldwin Ward, Professor of Zoology in the University of Illinois 
and Dr. Geo. Henry Whipple, Professor of Sanitary Engineering 
in Harvard University and Massachusetts Institute of Technology, 
have been aided by a staff of twenty-five specialists in the various 
groups of fresh water organisms. The amount of material 
embraced in the volume of over eleven hundred pages is stu- 
pendous, and only the enlistment of a large corps of able specialists 
could ensure such satisfactory and authoritative results. 
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The work has been under way for many years and it seemed 
to some of us as though it never would make its appearance, but 
the long awaited results are not in the least disappointing. To be 
sure, one may pick flaws here and there, but where lives the 
scientist who was ever quite satisfied with another’s work? 


Following the introduction by Ward, are excellent chapters 
dealing with the conditions of existence in fresh water, by V. E. 
Shelford, and methods of collecting and photographing, by Jacob 
Reighard. The Bacteria are treated by E. O. Jordan, the Algz 
by E. W. Olive and Julia W. Snow, and the larger aquatic plants 
by Raymond H. Pond. The treatment of the various zoological 
groups from the Protozoa to the aquatic vertebrates—the work 
of numerous specialists—occupies more than three-fourths of the 
book. A chapter on sanitary and technical problems, by Whipple, 
closes the volume. 


From the standpoint of one interested in fish culture it seems 
regretable that a key to the commoner forms of the higher plants 
that are fully aquatic, such for instance as the pond weeds, was 
not included, but there are numerous good works on systematic 
botany which may readily be obtained. One misses also any 
reference to the Sporozoa, the Protozoan forms so commonly 
parasitic on fishes, but this was probably conditioned by the 
inability to find any specialist to undertake this little-known 
group. No synoptic treatment of the fresh-water vertebrates is 
attempted, owing to limitations of space; but systematic works 
on the fishes, amphibia and reptiles are easily available in other 
literature, and Prof. Eigenmann’s general discussion is interesting 
and valuable. 


The chapters dealing with the animal groups most closely 
related to the economy of fishes, either as parasites, or as food, 
are all well done. For the first time in the history of American 
zoology do we find a comprehensive discussion of the parasitic 
flat worms and round worms. The biological interest in these 
groups is necessarily very great and their economic importance 
can scarcely be overestimated; but, owing to the scattered 
nature of the literature, it has been exceedingly difficult to do 
satisfactory work on them. Professor Ward’s complete and 


‘authoritative treatment of these groups is therefore of special 
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value. The leeches are discussed in a very satisfactory manner 
by Dr. J. Percy Moore. The very full treatment of the wheel 
animalcules or rotifers, by Prof. H. S. Jennings, is a delight to 
the zoologist. The numerous smaller Crustacea, so important as 
fish food and in some cases as parasites, are handled by well 
known specialists, A. S. Pearse (Phyllopoda), E. A. Birge (Clado- 
cera), C. Dwight Marsh (Copepoda), and R. W. Sharpe 
(Ostracoda). Of the chapter on the higher crustaceans it is 
sufficient to say that it is the work of Dr. E. A. Ortmann. The 
aquatic insects and mollusca are so numerous that a volume 
would be required for the full discussion of either group, yet Prof. 
Jas. G. Needham has accomplished a great deal in the seventy 
pages alloted to the former group, and Dr. Bryant Walker has 
also done much with the mollusca, considering the limited space. 


It must be borne in mind that this is not merely a systematic 
work, but that much space is devoted to ecological and economic 
aspects of the various forms, to life histories and other general 
biological considerations. 


The whole volume is profusely illustrated, and all the cuts are 
new and drawn from specimens. Keys are provided in all groups 
except the higher plants and the vertebrates, and the most 
important reference works on each group are cited in a literature 
list at the end of each chapter. The index is very complete. 


As stated in the author’s preface this is the first attempt “‘to 
deal with North American fresh-water life in its entirety.’’ While 
such a work is necessarily incomplete, even in a large volume, 
there is great value in the accumulation of such a mass of material 
from scattered sources, as it is thus rendered available for the 
general worker as well as for the specialist. Fisheries men and 
other individual workers interested in the life of the fresh waters 
of North America will all welcome this volume, and for the colleges 
and aquatic laboratories it will be a necessity. 

R. C. OsBuRN. 
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METHODS OF COLLECTING AND HATCHING BUFFALO- 
FISH EGGS AT THE U. S. FISHERIES BIOLOGICAL 
STATION, FAIRPORT, IOWA. 


By H. L. CANFIELD, 
Superintendent of Fish-culture. 


The rapidly decreasing supply of the food fishes of the 
Mississippi River and tributary streams, makes imperative the 
need for additional knowledge regarding their habits. More 
applicable measures for their protection may then be instituted 
and the natural increase may be supplemented, as far as possible, 
by artificial means. Prior to the time the work was taken up in 
an experimental way at the Fairport Station, absolute failure or, 
at most, very little success had resulted from the efforts of fish 
culturists to collect and hatch the eggs of the buffalo-fishes of the 
genus Ictiobus. A brief statement, then, of the methods we have 
employed and the results obtained, will be of interest and value. 

The spawning of the buffalo-fishes, of which there are three 
recognized species in our vicinity, takes place ordinarily between 
April 15th and May 15th, in that section of the Mississippi River 
between Davenport and Keokuk, Iowa, at which time the annual 
spring rise of the river occurs. During this rise the lowlands, which 
in times of ordinary water stages are dry, become inundated and 
furnish very favorable spawning grounds for the buffalo. Knowing 
the movements of the fish and realizing the impossibility of taking 
many of them with seines, the commercial fishermen catch them 
chiefly with fyke-nets provided with wings and with funnel 
hoop-nets. The fyke-nets are set mainly on inundated lands in 
the woods adjacent to rivers and inland sloughs, where there is a 
current of water, while the hoop-nets are used along the shores and 
entrances to inland sloughs. The larger part of the eggs hatched 
at Fairport during the past three seasons was secured from fish 
taken and marketed by the commercial fishermen, thus represent- 
ing a supply which would otherwise have been a total loss. It has 
been noted that, as the water recedes the catch of buffalo greatly 
diminishes. From the fact that many of these, taken at this time, 
are still unripe, it is presumed that such unripe fish naturally 
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return to the river, perhaps to seek more favorable spawning 
grounds. It is necessary, therefore, to prosecute the work vig- 
orously during the rising stage of the river. 

The larger fish markets furnish table space and equipment to 
the fishermen for dressing and weighing their fish and purchase 
them when ready for the market. In localities where this method 
of sale prevails the fisherman visits his nets, raises and empties 
them, and on completion of the rounds proceeds to the fish market. 
Although this method of handling the fish is quite rough, the fish 
arrive at the market alive, even though they have been removed 
from the water from one to four hours, the weather being quite 
cool at this season of the year. Promptly on arrival, our spawn- 
takers go over the catches, stripping and fertilizing all ripe eggs. 
This arrangement makes the collection of the eggs quite econom- 
ical, with minimum annoyance to the fishermen. A gentler way 
would be to have the spawntakers accompany the fishermen and 
take the eggs as the fish are removed from the nets, but this would 
require the services of a prohibitive number of spawntakers. 
Furthermore, so far as we have been able to determine, no definite 
injury is done the eggs by handling the fish in this manner. The 
hatch appears to be quite as good and the fry as strong as when the 
eggs are obtained from fish immediately after their removal from 
the water. In localities where fish are prepared for market in 
the field, it is necessary to collect the eggs at scattering fishermen’s 
headquarters. This is done by accompanying the fishermen to the 
nets or by instructing them how to take and care for the eggs until 
they can be gathered up by a member of the Station force. 


The work done at the Station in the propagation of the buffalo- 
fish has been much appreciated by the active fishermen and 
market men of the region. They have co-operated fully in facil- 
itating the egg-collecting and have assisted in every way possible, 
giving freely of their time and labor for the good of the work. 

In spawning the fish, the pan is rinsed with water and drained, 
but not dried. The female fish is held in the usual manner over 
the pan and the eggs are ejected into it by gentle pressure over the 
ovaries and toward the vent. The milt from the male fish is then 
stripped into the pan by a similar process. The contents of the 
pan are gently and thoroughly stirred with the fingers at intervals 
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for about five minutes, to insure impregnation. Two table- 
spoonfuls of ordinary corn starch are now added and thoroughly 
stirred in for about ten minutes to keep the eggs separated. After 
this the eggs are washed by gently pouring water into and then 
out of the pan, repeating the process until the eggs are quite 
clean, gently stirring them meanwhile to keep the eggs separated. 
During washing, the eggs become water hardened. 


If a hatching battery is near at hand, the eggs may now be 
transported to it in a pail or other receptacle. If shipment is 
necessary the eggs are poured on canton flannel trays and the 
trays stacked and placed in the ordinary field shipping box, with 
the upper tray serving as an ice hopper and the lower one as a 
cushion for the balance of the stack. On arrival at the station 
the eggs are tempered carefully and the trays are then moistened 
by floating them in tanks. As the eggs have become cemented 
together and to the trays, in transit, they must be gently scraped 
off in enmassed strips, by means of a dull hand scraper and placed 
in a tub of fresh water. They are then washed and brushed through 
a one-eighth inch mesh bobbinet-bottomed tray into a tub of 
clean water. In this process the tray is held so that the eggs are 
slightly immersed in the water. By sifting and by raising and 
lowering the tray and gently brushing the eggs through the meshes 
with the fingers, or with an ordinary paint brush, the process is 
made more easy for the operator and safe to the eggs. 


After this process the eggs are again washed by changes of 
water as previously described, then poured into the Downing jars, 
placed on the battery shelves and running water admitted. The 
following day it is necessary to again pass the eggs through the 
bobbinet tray to separate them, but under ordinary conditions no 
further trouble of this nature occurs. In the event of the eggs 
becoming enmassed by fungus, they should be washed and sep- 
arated and the good eggs given a dip or quick bath in a weak 
salt solution, sufficiently strong to remove the fungus. 

It should be emphasized that roily water is not troublesome 
and as the ordinary river water is of the proper temperature, it is 
preferable to clear water of lower temperature obtained from 
springs or otherwise. Temperatures fluctuating between 52 and 
62 degrees Fahr. have given no trouble but a range of 56 to 62 
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degrees is still better. If the best results are to be obtained 
unfavorable temperatures should, of course, be avoided. 

The eggs measure 180,000 to the fluid quart, are of a light 
amber color and very glutinous. They ‘‘eye”’ in three to four 
days at an average temperature of 62 degrees and hatch in nine or 
ten days. The fry are approximately three-sixteenths of an inch 
long when hatched, and the yolk sac is completely absorbed in 
about three days. The fry swim up nicely and are not cannibalistic. 

A very fine meshed screen must be used in screening the fry 
retaining-tank, in order to prevent the escape of the young fish. 


ce 


PLANTING FISH IN AN ALKALI LAKE. 


By ALFRED EASTGATE, 
St. John; IN. D: 


The line of work on which I shall report was begun five years 
ago by the Biological Station of North Dakota in the effort to 
find the proper means of restocking the lakes of this state. In 
former years these lakes were full of fish of various kinds, weighing 
up to thirty-five pounds. 

In the latter eighties there was a very dry year and the water 
was greatly lowered, resulting, of course, in greater concentration 
of the salts. At the same time the fishermen continued their 
operations on the restricted water area and eventually the entire 
fish supply of Devils Lake was exterminated. This lake, which 
comprises about forty-five thousand acres at the present time, for 
several years furnished fish dealers contracts calling for three to 
seven carloads of fish a week. In 1886 I saw a great haul made 
with a net so large that four horses on each side were required to 
land the catch. The fish were shoveled into great tanks and 
shipped in refrigerator cars. That is the way in which the supply 
was exhausted. 


After a few years the cry went up that fish could no longer 
live in Devils Lake on account of the salt water. The water, of 
course, is what we commonly call alkali and it contains about 
thirteen per cent of solids, with a mixture of several salts. 


Prof. M. A. Brannon, of the State University, took up the 
work of finding out why the fish did not live in Devils Lake. He 
went at it systematically and studied the water and all its contents, 
with the plant and animal life, but could find no reason. About 
ninety-seven per cent of the fish introduced from fresh water died 
immediately. 

Dr. Brannon worked on this problem about five years before I 
was called into the service. My work was simply to do what he 
laid out for me, to carry on the practical work in accordance with 
his suggestions. The state fish commissioner at that time did not 
think much of scientific work along fisheries lines and would not 
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co-operate in any way, except to grudgingly supply a few fish and 
spawn. The first bunch of fish we hatched were steel-head trout. 
As we had no facilities at the Laboratory, I hatched them at the 
State University at Grand Forks and transported them to the 
lake when they were ready to plant. We also had some wall-eyed 
pike. The work that summer was rather discouraging. 


The next summer things were in better shape at the laboratory, 
and it was then that Dr. Brannon made a discovery which has 
proved to be the solution of our difficulty. He was working on the 
plants of the lake and found that those living in the alkali water 
showed a pressure five times as great as those living in fresh 
water. Immediately we planned out a new line of work, applying 
the same principle made use of to accommodate a man to work 
under high air pressure, that is, the man goes from one chamber to 
another with increasing pressure until finally he is able to work in a 
pressure that would kill him in five minutes if he went there 
directly. When he is done with his shift he goes back gradually 
and is none the worse for it. 


We constructed a series of cement tanks for experimentation 
and in six weeks had worked out the problem with great success. 
The fish are put into fresh water for a day and then twenty per 
cent of the alkali water is added. The next day the percentage of 
alkali water is raised to forty and the next day to eighty. Then 
they go into the full strength alkali water for a day, after which 
they are ready to go into the Lake, with a loss of only about one- 
tenth of one per cent. We have tried black bass, steel-head and 
rainbow trout, wall-eyed pike, bull-head and pickerel (though the 
pickerel are not to be introduced into the lake). We hope to have 
the plant enlarged, as the one in use was built merely for 
experimental purposes. 

We have also tried the experiment of hatching eggs in the 
alkali water. We received the eggs from Put-in-Bay, Ohio, and so 
put them all in fresh water, except one jar which was supplied with 
the lake water. The fish hatched in the alkali water are better 
and stronger and in the five years that we have used the pure lake 
water we have failed to find the least trace of fungus. You all 
know how interesting it is to work with fungused wall-eyed pike 
eggs, but we have seen no trace in the alkali water. 


, 
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A week ago I seined in Devils Lake, because it was said that 
there were no longer any fish there. In spite of the difficulties of 
seining in water filled with heavy vegetation I drew out three 
large fish. It is merely a matter of business to restock the Lake. 
If the people can be interested enough so that they will plant 
the lake by millions instead of a few thousands it will be only a 
matter of a little time till the lake will be as full of fish as it ever 
was. The natural food supply is abundant. 

The density of Devils Lake varies greatly from April to the 
last of August, at which time it reaches about its lowest stage. 

Those of you from the east do not have to deal with alkali 
waters, but to those of you who do I would say, by all means get 
in touch with your universities and have them make a complete 
investigation. 


THE LAKE SUPERIOR HERRING. 


By A. C. Dunn, 
Duluth, Minn. 


It is not the intention of this paper to discourse learnedly on 
the inner secrets of the life history of our fish or other members 
of the wild life coming under the observation of those generally 
interested in game and fish from a sportsman’s standpoint. The 
writer has probably fished and hunted more than the average 
citizen, as is the usual case of those brought up in the more prim- 
itive environs of Northern Minnesota. However, for the past 
three years it has been necessary for me to confine my attention to 
commercial fisheries and make a study of them, in order to convert 
the natural resources of Lake Superior into the more usable dollars. 


To the majority of those here assembled Duluth is not consid- 
ered a fishing port, and of those who are aware that more or less 
fish are shipped from Duluth, only a very few know to what mag- 
nitude the fishing industry has grown. Indeed, our own neighbors 
at home would scarcely believe that there are more than a dozen 
companies competing tooth and nail for a share of the business. 
So keen has this competition become that an altogether unique 
sales condition has grown up among us, peculiar only to Duluth. 


Lake Superior does not produce many commercial varieties. 
Indeed, outside of the herring and trout, there are only a few fish 
of any importance. The sale of Menominees, Bluefins, Ciscees 
and Whitefish, is only a very minor and insignificant item as 
compared with that of the Lake Superior Herring. 


Last year, in order to improve conditions in the fisheries of 
Lake Superior, so far as Minnesota was concerned, we were very 
ably assisted by the Game and Fish Commission, and especially by 
our local game warden, John Green, and through his efforts very 
authentic statistics bearing on the question were secured. It was 
shown that there were then 350 fishermen engaged in the industry, 
at least 320 of whom were independent operators, living on their 
own or leased property, making the business of fishing practically 
their only means of livelihood. Their combined outfits, including 
nets, skiffs, etc., was estimated at upwards of $65,000.00. 
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As we have said, there are a dozen firms engaged in the gath- 
ering and disposal of their output. There are five good sized steam- 
ers and seven or more gasoline freighters in the service of these 
companies, the combined value of which would probably reach 
$150,000.00, employing, during the busy season, 88 men on a 
payroll running to $6,340.00 per month. 

The property of those companies which are fortunate enough 
to own dock frontage is estimated at $175,000. Others rent or 
pay storage to the extent of about $9,000.00 per year. Their 
combined office and warehouse monthly payrolls, during the 
season, runs to $6500 per month. 

All these figures, no doubt, are tedious, but I am endeavoring to 
show that there is a considerable organization at work constantly 
and unremittingly drawing on the natural resources of the lake. 
Nor are its efforts unrewarded. An average of the catches for the 
past two or three years will show that the annual production of 
herring alone is enormous, being no less than 3,000,000 pounds 
sold in the fresh or frozen state and 3,500,000 pounds sold in 
brine. At present prices, this great total may be valued at more 
than a third of a million dollars. Then there are upwards of 
75,000 pounds of trout produced each year at a value of approx- 
imately ten thousand dollars. Of the other fish produced and 
shipped at Duluth the total would not be much more than 20,000 
pounds. The fish brought into the Duluth port are taken between 
Duluth and the Canadian border and around Isle Royale. 


Many people familiar with the fisheries I speak of, and some 
who are still engaged in them, will tell you that there are just as 
many herring in the lake as ever, or even that they are on the 
increase, but I must tell you, though I am an operator in the 
exploitation of these fish, that this is not the case. Further than 
that, I insist that they are diminishing very rapidly. It is true 
that the annual catch has not decreased as alarmingly as one 
might at first surmise from the above figures. But take into 
consideration the fact that the fishermen must now use several 
times as much twine to catch the same amount of fish; that they 
must venture out farther for them; that, with the increase in 
prices, more fishermen are working, and we see why the production 
has not decreased. But furthermore, (and here is the point I wish 
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especially to make) consider that scores and scores of tons of fish 
are now being caught on the spawning beds to be salted or frozen— 
which is a condition that did not formerly exist—and it is not 
difficult to realize that the end isin sight. This sort of thing cannot 
continue much longer or we will all automatically go out of 
business with the extinction of the herring, just as the famous 
catches of Lake Superior Whitefish are now gone, probably forever. 


The remedy is simple and yet, on account of our foolish system 
of allowing each state to make its own game laws, this by no means 
small portion of the nation’s natural resources is in danger of 
obliteration. In spite of the fact that it meant a temporary heavy 
financial loss to some of us last winter, we worked with the Minne- 
sota State Game and Fish Commission to correct the condition, 
and did actually get passed a bill which increased the required size 
of the mesh to be used in the gill nets. This means that no more 
undersized herring can be legally caught in Minnesota waters. 
The law also establishes a closed season to protect the herring 
when spawning, this latter provision to become operative upon the 
passage of a similar law in Wisconsin. But right here is the 
difficulty; practically all the herring at the western end of the 
lake begin to congregate in the late fall in great schools, following 
the north shore westward until the spawning time arrives, which is 
usually about the 10th of November. At that time they appear in 
millions, not in Minnesota waters, but over the great muddy 
bottoms in the shallower Wisconsin waters at the extreme western 
end of the south shore of the lake. Here they congregate for three 
weeks for spawning and then, as suddenly as they appeared, 
they go. 


The problem is now one for Wisconsin to deal with. The 
fishermen’s lobby at Madison have side-tracked every effort made 
in that direction for years. They did pass one closed season bill, 
but instead of protecting the spawning fish they closed the season 
for a month before that period. It is well to protect the fish 
which are about to spawn, but it is certain that the damage that 
could be inflicted at that time is insignificant beside the other. 

I am firmly of the opinion that migratory fish, like migratory 
birds, should be protected by Federal laws. These are not Minne- 
sota’s fish, nor Wisconsin’s fish, nor Michigan’s fish, though the 
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same fish traverse the shores of all these states. They need con- 
servation as do the migratory birds. But, until we can get a 
national measure passed, something should be done to get Wis- 
consin into line. I urge this with full knowledge that my company 
will be one to suffer directly therefrom. It is not merely a con- 
science one must have to meet this condition, he must also have 
an eye for business, which is quite as important, and, unless I am 
very much mistaken, at the present rate of wholesale destruction 
of herring, in another five years the game will not be worth the 
candle. 


INCREASING THE OUTPUT. 


By W. O. Buck, 
Neosho, Mo. 


Mother Nature seems to be constantly trying to increase the 
output of fish and has adopted several details of plan to effect this. 
Enormous fecundity is perhaps the most important of these, but 
the concealment of eggs and young and the protection of both by 
parent fish work to the same end. Apparently these should soon 
carry the output to infinity, but in fact a limit is soon reached 
and lakes and streams and even the ocean are but sparsely stocked 
with fish and are easily depleted. In seeking the explanation of 
this we find it in the limitation of the food supply. 

When we try to improve upon nature in the supply of young 
fish, the best we can do is to limp along her path and, since we 
cannot control fecundity, we must increase the number of breeders 
and give their offspring more protection and a better supply of 
food. 

With trout and salmon running wild and handled only at 
spawning time the problem is comparatively simple, since the 
fish will be healthy and their numbers can be maintained with 
moderate effort. When trout must be bred and held in confine- 
ment, however, several new factors are introduced. The most 
conspicuous of these is crowding. Although some sorts of fish all 
through life, and perhaps all sorts at some stage, run together in 
schools, trout do so only for a short time. Every fish culturist 
knows that, as soon as they rise and begin to seek food, trout 
will separate as widely as they can. When food is thrown to them 
they rush at it from all directions and some are likely to get hurt 
when they meet. 

Then, too, trout are stream fish and most artificial tanks or 
ponds fail to provide the best conditions for them. It is also 
necessary to offer them food which is entirely different from that 
on which the wild fish subsist. It is small wonder then that 
under such conditions the fish are not quite normal. Even so, we 
may and do attain a fair degree of success in propagating them, 
but when we try to do still better we must get back a little nearer 
to natural conditions. 
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Probably some part of the food should be such as the wild 
fish are accustomed to take and access to running water is doubtless 
desirable. All ways in which fish may be injured should be elim- 
inated so far as may be. A brood stock may then be expected to 
live longer and, as older fish produce more eggs than young ones, 
the output will increase. But as the stock will inevitably grow less 
in numbers each year, the final resource for maintaining and 
increasing the output will be to add to the number of young 
breeders. 

With pond fish, not artificially fed, the output may be increased 
by increasing the number of breeders, provided the young are 
promptly captured and given room elsewhere, but, since the limit 
of food supply is soon reached in stocking a pond with brood fish, 
more breeders may mean less output of young if all are left together. 
Not only will the old fish eat the young, but the young will eat 
one another. We all know this, but do not all agree as to what we 
shall do about it. In one instance about fifty black bass breeders 
were allowed to spawn in a pond of about a half acre, poorly 
supplied with plants, and the young allowed to remain till about 
the middle of July, when the pond was drawn and only thirteen 
were found. In his “Aquatic Plants in Pond Culture’ Mr. 
Titcomb mentions an instance in which 20,000 young bass were 
placed by themselves in a half-acre pond in April and eight weeks 
later 6,000 well-grown fingerlings remained. In this case the pond 
was well supplied with plants and insect fish food. 

It is probably clear to us all that young bass should be collected 
and distributed very early, not to make a record, but to give them 
their chance for life, which will be but slender if they are left in 
the brood ponds with the parent fish and especially if the ponds 
are stocked to the food limit or beyond. The question then comes 
as to the mode of collecting the young. Since the food supply for 
young and old depends on the maintenance of plant growth, it is 
necessary to adopt a method which will leave the plants undis- 
turbed. Fortunately, young bass soon after leaving the nest will 
start on a tour of exploration around the margin of the pond, 
going in schools and these schools may be captured with a fine 
seine and placed in a tub or bucket, with small harm to fish or 
plants. Those that escape capture may be allowed to remain 
till fall, when the pond can be drawn. 
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Seining the whole pond does so much harm to the plants that 
it will probably be well to draw the pond in summer and remove 
both young and old fish, where this can be arranged. In practice 
it seems to me still better to protect the plants and use all the 
ponds the whole season, with the idea that the first and last 
essential of pond culture is food production. But it is not quite 
enough to protect volunteer plants, nor even to introduce plants 
at every opportunity. A selection should be made. Some are 
useful in protecting banks, where these are made of earth. Saw- 
grass, mint, flags, rushes, sagittaria, pontedaria, water-plantain, 
water-willow, water-purslane, etc., will do this, but not all are 
desirable. 

Good qualities may be more than balanced by bad ones, as in 
the case of cattail flag, which will bind the bottom along the shore 
line very effectually and provide shade and shelter, but promptly 
becomes a nuisance by over-crowding and choking out everything 
else. 

While along the margin a leading purpose of plants may be to 
protect the banks as well as provide shelter, for the body of the 
pond the object will be to furnish suitable conditions and pasture 
for the small creatures necessary for natural fish food. Here is 
where we all need more light. We do not certainly know just 
what the various kinds of fish need for food. Nor has it yet been 
made clear what conditions are most favorable for the production 
of any kind of food creatures. Our honored ex-president in 
attacking the problem of how how many food fishes it is possible 
for the Great Lakes to support included a study of aquatic plants 
and their dependence on the bottom for the elements of growth. 
Dr. Raymond H. Pond, as a result of his experiments, states that 
“the amount of plankton produced by bodies of fresh water is, 
other things being equal, in some inverse ratio proportional to 
the amount of its non-rooted vegetation and in some direct ratio 
proportional to the amount of its gross rooted vegetation.”’ He 
goes on to draw the inference that: ‘‘In the stocking of ponds for 
fish culture, care should be taken to have a good soil for the 
bottom; not a stiff clay or sand, but a good loamy soil, such as is 
favorable for land plants. The species allowed to grow should be 
those which are known to possess roots and to be very dependent 
upon the soil, such as Vallisneria spiralis, the so-called fresh 


iain 


Buck.—Increasing the Output 99 


water eel-grass, and Potamogeton, or pond weeds; not forms with- 
out roots, such as Ceratophyllum, or those less dependent upon 
the soil.” (See Dr. Pond’s “Relation of Aquatic Plants to 
Substratum,”’ published in U. S. Fish Com. Bulletin for 1903.) 

Realizing the need of plants in our ponds, most of us put in 
anything and everything which we can get to grow, and this is 
no doubt better than to plant nothing, but we may do still better 
by learning to know our friends from our enemies. As a guide to 
this, Titcomb’s ‘‘Aquatic Plants in Pond Culture,” published as 
Bureau of Fisheries Document No. 6438 and included in the 
volume of bulletins for 1907 is invaluable. Bulletin No. 815, 
Moore’s “ Potamogetons in Relation to Pond Culture,” with its 
full references to bibliography of allied subjects, also lets in the 
light for those who will use it. 

Not all of us have access to these papers so the following 
suggestions are offered: 

Keep plants out of trout ponds, but fill bass ponds with 
Chara, the Potamogetons, Ranunculus, Philotria (Elodea) and 
Naias in the main part of the pond and Sagittaria and rushes to 
bind earth banks. 

Avoid cattail, water-lilies and parrotfeather.* 

Handle your ponds so as to avoid injury to the plants and 
when a pond is drawn transfer the plants before they wilt to some 
other pond, unless all are abundantly supplied. 

But all this deals only with the fishculturist’s part of the 
problem—that of increasing the output of fish to be planted. 
The really important part is that of increasing the output of 
matured fish from our ponds and streams, public and private, and 
to solve this we must consider not only all that has gone before, 
but also the questions of what fish to plant and where and when 
and how. 

Professor Needham, in his article on ‘‘Fish-culture’”’ reprinted 
in his recent book, “‘ Life of Inland Waters,’ emphasizes the import- 
ance of this part of the fishcultural problem, suggesting that 
“The hatcheries are raising fry and not fishes.”’ ‘‘The planting of 
fry and fingerlings is effective where conditions permit of their 
growth.” ‘“‘The conditions in the wild are not such as yield much 


* Dried specimens of some of the common pond plants mentioned 
were exhibited by the author. 


100 American Fisheries Society 


advantage from this intensive propagation of the young.” ‘‘ Feed- 
ing fishes on the young of their own kind is not good husbandry.”’ 
“Raising animals and their forage together is not good husbandry.” 
These sentences are quoted out of their order and connection, but 
they furnish food for thought and material for discussion, because 
the line of argument is that fishculture must follow the lines of 
animal culture. But is there not a wide difference? It is not an 
economical use of land to make a pasture of it. Animals will 
trample down and destroy far more than they will eat. But fish 
do not do this. Then the assertion that it is not good husbandry 
to feed fishes on the young of their own kind sounds convincing, 
but is there not room for some modification of this statement in 
view of the fact that it is the rule for fishes to feed on their own 
young, and that the enormous fecundity of fishes is nature’s 
admission of the fact? Or, shall we not still insist that it is, 
nevertheless, bad husbandry and that nature cannot help it and 
that therefore we should assist her in every way possible to increase 
production? 


MIXING TROUT IN WESTERN WATERS. 


By ALpDo LEOPOLD, 
U. S. Forest Service, Albuquerque, New Mexico. 


If a stream is stocked with 10,000 native trout, 10,000 eastern 
brook trout, and 10,000 rainbow trout, and granting that the 
conditions are suited to each of them, will that stream produce 
more or less pounds of trout per year than if stocked with 30,000 
of any one of the three? In the west, at least, this is a live question 
which does not seem to have received serious study. It is the 
object of this paper to summarize such data as the United States 
Forest Service has been able to collect with the object of arriving 
at an answer. At least a tentative answer is needed as a guide to 
practice. 

The question obviously involves variable local factors whose 
reactions are not susceptible to generalization. These variable 
factors may even preclude a general ‘‘yes”’ or ‘‘no”’ in answer to 
the question. Then, too little is known about the actual relations 
of the species to their environment and to each other to allow of 
reaching an answer by inductive reasoning. However, the question 
seems to involve the law of hybridization, from which important 
conclusions bearing on rules of practice can easily be deduced, and 
furthermore, the question can, to some degree, be illuminated 
empirically from actual observations. 

The United States Bureau of Fisheries is authority for the 
statement that the trout hybrids so far studied have been fertile, 
but decreasingly so with successive generations. The Bureau 
believes, however, that hybridization is rare, but states that 
nobody knows exactly how rare. The law of hybrids would 
indicate that any trout hybrids which do occur between definite 
species are infertile, or at least less fertile than the pure stock. In 
either case the existence of hybrids would reduce the productive 
capacity of the water in which they occur. They must necessarily 
consume food which might be used by more fertile fish. 

The actual observations of the writer, though meagre and 
confined to the southwest, are as follows: 

1. Rainbow, eastern brook, cutthroat, and German brown 
trout have been indiscriminately mixed with the native black- 
spotted trout of our southwestern streams. 

2. Where so mixed, it is commonly believed by fishermen 
that, (a), the rainbow and black-spotted trout have crossed 
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extensively, although the alleged hybrids have never been scien- 
tifically identified as such; (b) the German brown trout has not 
hybridized, but is preying extensively on the others and is becom- 
ing predominant; (c) the eastern brook-trout has not hybridized 
(for the obvious reason that they spawn in the fall and cannot 
hybridize with spring-spawning species). 

3. It is the writer’s impression that the streams stocked with 
several species do not “stand up’”’ under the drain of heavy 
fishing quite as well as those with only one species. One of the 
most resistant streams known to the writer is Sabino Canyon in 
the Coronado National Forest, almost on the Mexican boundary. 
It was stocked once with eastern brook trout in 1908, has been 
heavily fished ever since, and showed no sign of giving out until 
this year. Much less resistant is the Pecos River in the Santa Fe 
National Forest, a much larger stream. It has been stocked every 
year with black-spotted, rainbow or German brown trout, and is 
no more heavily fished, in proportion to its size, than the Sabino. 
These impressions are, of course, merely indicative. 

It appears therefore that available knowledge on the question 
of mixing species, may be summarized as follows: 

1. Species of trout spawning at the same time may hybridize. 
More knowledge is needed on when and to what extent. 

2. These hybrids are less productive, and therefore less 
desirable, than pure stock. More knowledge is needed on how 
much their reproductive capacity is reduced. 

From the foregoing conclusions, the Southwestern District of 
the Forest Service has arrived at and is now adhering to the 
following rules of practice in stocking trout waters in the National 
Forests of Arizona and New Mexico: 

1. Nature, in stocking trout waters, sticks to one species. 
The Forest Service will do likewise where mixing has not already 
occurred. 

2. Empty waters will be stocked with the species that seems 
most suitable. Where there is danger of depletion through heavy 
fishing, avoid rainbows. Where there is danger of the water being 
too warm, avoid black-spotted and eastern brook-trout. Where 
a lake is large or mud-bottomed or warm or otherwise liable to 
produce large non-rising fish, avoid the native black-spotted trout. 

3. Stocked waters will not be further mixed. Restock with 
the best adapted species, the native species always preferred. 


IMPROVE THE CANNED FISH PRODUCT. 


By K. HovpEn, 
Monterey, California. 


Under the present business conditions and with a scarcity of 
tin, it behooves the canners of this country to furnish the public 
with as good products as possible, instead of wasting time and 
tin-plate in packing inferior goods to become a glut on the market, 
which is a tendency shown by many canners at the present day. 

Many of our numerous canners do not seem to understand the 
first principles of cooking, which is an essential thing for any 
canner aside, perhaps, from those engaged in canning salmon. 
The process of salmon canning is more or less mechanical, as it is 
not processed nor prepared for the table in any other way but by 
cooking in the tin. 

Sardines require greater skill and more training. The fish 
vary in the amount of fat and protein according to the season 
and, in the writer’s opinion they should not be canned in the winter 
and early spring, when they are spawning, as they are then too 
poor in food value and contain scarcely any fat. 

As the Department of Agriculture is trying to educate the 
people in the preparation of food for cattle, hogs, etc., it would 
not be out of the way for the proper authorities to teach the 
canners how best to prepare canned fish for human consumption. 
It might be very interesting if samples of the products of various 
packers could be analyzed for comparison. If then, it were 
required to sell the product according to analysis, all packers would 
be compelled to put up a good article, or the people would not buy 
their products. Sometimes there is more waste product than 
digestible food in a can and the public should not unwittingly be 
taxed with a costly container holding such a product. 

Most of our edible fish are being utilized, but the manner in 
which they are prepared for the public is often not on a scientific 
basis. The products should be standardized, the government 
should maintain schools for the education of canners and, in fact, 
no cannery should be permitted to operate unless the man in 
charge of the plant has sufficient education and knowledge of 
scientific methods of preparing food products for human con- 
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sumption. In this way we should be able to meet foreign compe- 
tition here and to conquer markets outside of America. We have 
a vast supply of fish which, in other countries really cost more 
fresh than we can produce it for in tins. 

In Europe the tins and sizes of fish are standardized. In 
Norway the packers agreed not to pack winter fish, so as not to 
injure the reputation of Norway sardines. American packers, 
especially in the present crisis, ought not be averse to helping the 
people and the government in saving tin plate, by packing only a 
nourishing food product. In this way they may serve the country 
by serving the public right, even if the immediate result should 
not be so profitable. 


FEDERAL CONTROL OF FISHING IN THE 
MISSISSIPPI RIVER. 


By M. N. Lipinsky, 
Winona, Minn. 


Commercial fishing on the upper Mississippi has for some time 
been considered a dishonorable trade, at least to a certain extent. 
This is due to the misunderstanding of laws, rather than to wilful 
violations, but it is not just to discredit the business of all engaged 
in commercial! fishing on account of the acts of a few, especially 
when such great results are obtained with very little actual cost 
to the respective states or to the Federal Government. 

The carp is the principal fish cf the upper Mississippi and 
requires the least attention, for it is a prolific breeder, grows rap- 
idly, is very good eating when properly prepared, and is of great 
value to the states concerned and to the commercial fishermen. 

The fish commonly known as buffalo is also a very valuable 
food fish, and a native of the Mississippi River. These two are 
the principal fish, speaking commercially, of the Mississippi, and 
by proper propagation, either artificially or naturally, the Missis- 
sippi would produce at least ten times the amount of food fish it 
is producing today. 

The greatest damage to natural breeding places is caused by 
the construction of railroads, dams and dikes which allow the 
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fish to enter in high water, but shut them off later and cause 
suffocation in winter. Such places should be attended to first, as 
I believe here lies the greatest danger to the small fish. 

If I may be allowed to suggest a good, permanent way to con- 
serve the small fish which get into the land-locked lakes and bays 
in high water, it would be to use steam shovels or ditching machines 
and connect the ponds and lakes with ditches that deepen as they 
run into the river. In a good many places artesian wells could be 
used very successfully. The different states have different ideas 
and opinions regarding fish and game laws and to avoid trouble 
we should have federal laws on interstate waters—that is, spe- 
cifically, a uniform law for all the states bordering on the upper 
Mississippi. 

We all know there is a question as to jurisdiction on the 
Mississippi, but be it state or federal, there should be something 
done to aid in the already valuable work being done in seining out 
some of the land-locked ponds. There are millions of these small 
fish that suffocate each winter along the Mississippi valley and if 
given proper protection from the heavy winter killings, as we 
commonly call it, we would have an abundance of all the different 
varieties of fish. I wish I could produce the record of the exact 
amount of fish taken out commercially from these waters each 
year, but it is impossible at this time, as most fishermen do not 
keep any records of their catches. 

I make no criticism of the good work already done, but merely 
express my view of the conditions as seen in my immediate 
vicinity, with some suggestions as to their improvement. There 
are many arguments in favor of federal control of the finest fishing 
stream in the world, the Mississippi River. 


THE GENERAL ROUTINE OF A TROUT HATCHERY. 


By R. L. RIPPLE, 
Bayfield Fish Hatchery, Bayfield, Wis. 


Where can there be a line of work more fascinating, or less 
monotonous as a daily vocation than that of a brook and lake 
trout hatchery, where many millions of both varieties are handled 
every year? The trout hatchery is mentioned in this instance in 
preference to those where other varieties of fish are handled, 
because the breeders are reared from infancy and kept in the 
ponds the year round, and must be fed and cared for and kept in 
a good condition. The fertility of the eggs and the vitality of the 
little fish which result from the spawning season each year, depend 
on the manner in which the adult trout have been fed and other- 
wise cared for, the same as with stock or anything else. 

Where can there be a more contented man than he who in the 
fall of the year, as the spawning season approaches, removes the 
thousands of trout breeders of various ages and sizes to the 
hatchery spawning raceways, and finds them to be fit and ready 
for the yearly production? The spawning is the fish man’s harvest 
and the results of a year’s careful and painstaking work are at hand. 
Perhaps during the year there were many trials and worries, but 
the condition of the fish, as they are removed from the ponds to 
the spawning races, shows that all is well. 

However, strive as the hatchery man will to prevent it, there 
is always a certain loss of breeders in the stock fish ponds that is 
put down as unaccountable. We count each year, one by one at 
spawning time, all the fish put into the ponds. We keep an 
accurate account of all dead fish removed from each pond during 
the year, but still there is always a shortage, for the fish in the 
ponds have many enemies, such as the blue heron, muskrat and 
kingfisher. The blue heron is one of the greatest consumers of 
fish that we have to contend with, as it does its work at night, and 
I have had very good reason to believe that that great vegetarian, 
the muskrat, will go on a meat diet when he wants to go fishing 
for a change. There is a much larger number of trout and trout 
fry consumed every year from the ponds than many people have 
any idea of. 
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Our station at Bayfield has a capacity of about 20 double 
hatching troughs, 11 boxes long, 22 boxes to the double trough, 
each box holding 7 trays at two quarts per tray. When the hatch- 
ery is filled with its quota of lake trout, brook trout and brown 
trout eggs, it means many millions. Only those of you who have 
the thing to do can realize what effort it takes to fill these many 
stations, especially in the case of the lake trout, as they must be 
netted in the Great Lakes by the commercial fishermen in the 
late fall. Only one who has experienced the work can tell what a 
fight with the elements and unfavorable conditions it means to 
bring home each fall this harvest of spawn. 

The spawning season over, the responsibilities grow heavy on 
the hatchery men. Millions of fish lives are contained in those 
eggs. The running water is passing over them, and must be kept 
passing. The ten to twenty-five per cent of infertile eggs must be 
removed as they begin to decay. Instead of the time-worn plan 
of picking them out with tweezers by hand, we use the more 
modern method, the brine box. In this the trays are placed, 
several at a time, the brine solution allowing the bad eggs, which 
are lighter, to come to the top, where they are scraped off with a 
small net. Two men, in the same time, now do what it formerly 
took eight or ten men to do. 

For 110 days, on the average, these millions of eggs must remain 
on the hatchery trays, bringing the hatching season along into 
March or the latter part of February, in our locality. When the 
lake trout fry are ready, being some six weeks old, they are taken 
out in boats and planted on the reefs and spawning beds, where 
they would naturally hatch. I can not attempt to tell in so brief 
an article what their lot would have been had they remained on 
those reefs for 110 days. We have prevented, however, some of 
that tremendous loss that occurs yearly in nature. 

The millions of brook and other trout fry are now placed in the 
various feeding tanks and rearing ponds, and again, as always, the 
hatchery man has his work cut out for him. 

Shipping time is now at hand. The tanks are full of fry, 
taking their food six times a day, ready to go out into the streams, 
and it is with much rush of cans and men, etc., that they are 
started out on life’s journey. Every outgoing baggage car must 
take its shipment or shipments of trout. Not only the baggage 
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cars do this, but also our commodious State Fish Car ‘‘ Badger,”’ 
which carries 200 of our ten-gallon shipping cans at a trip. Each 
can contains the proper amount of fry according to distance it 
is to travel, and has a chunk of ice on the cover to drip and keep 
the water at the right temperature in the can below. 

The fish messengers are sent out with their alloted cans of fry, 
holding them over perhaps at some junction, or, through some 
delay, held up maybe a day at the railway station until the fish 
are delivered to the applicants; or they may have orders to plant 
the fish in the headwaters of a stream as soon as they can be 
gotten there. Seldom indeed does a complaint come in that the 
fish were not planted in good condition. 

Every can carried in a given shipment contains the same 
number of fry or fingerlings. We measure all our fry by dry 
measure at time of shipping, by means of small screen-bottom 
dippers or strainers, each holding a certain number of fry or 
fingerlings at different ages. I know of no method more accurate 
or more easily operated than the above for measuring the fish put 
into each can. 

As the hatchery tanks of fry are thinned out through shipping. 
they are filled again from the hatching troughs with those that 
are coming on daily to the shipping age and size. They do not 
hatch all at once nor reach the shipping condition at the same time. 

The several hundred thousand fry to be kept for fall shipment 
are now removed to the outside rearing ponds, where they will 
have more room, and the feeding, from six times a day, is cut 
gradually to twice a day. 

The feeder is very careful that the fry all get some of the food, 
scattering the little particles of meat or strained “‘plucks’’ over the 
whole surface. He knows many anxious moments and days until 
all are feeding well and they start to grow rapidly. If he can see 
no dead ones on the clean gravel bottom, and they work to the 
head of the pond and fight the current, even the fish hatchery man 
feels some little joy in life. 

The rearing ponds above referred to are small in size, many of 
them being almost square, while others are oblong, etc. We find, 
however, that the most satisfactory ponds are those about 8 feet 
wide, and from 30 to 50 feet in length, with a depth of 18 inches 
to 2 feet of water. 
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If one can arrange, as we are able to at Bayfield, to have the 
water fall a foot or more into each pond, it will help to aerate the 
water and also it creates a natural condition much appreciated by 
the fish. These long and rather shallow ponds give the desired 
current. They are also more easily covered with shades made of 
two by fours, in the form of gable-roof frames over which building 
paper or tar paper is stretched. We formerly did not use these, as 
we have considerable natural shade from trees, but we were 
greatly bothered with algae in the water. The shades do away 
entirely with all this trouble, giving the fish all the available room 
in the ponds and making it more agreeable when the time comes 
for removing them for sorting or shipping. Formerly this green 
““moss’’ would be seined in with the fish, getting into their gills, 
and causing no small loss. 

Nothing can be more ideal for a bottom to these ponds than a 
layer of clean gravel, which can be raked over and over when 
cleaning, allowing the water to work through it and making for 
more sanitary conditions. 

We have, now nearing completion, six fingerling or fry ponds, 
each 8 feet wide, 50 feet long and 40 inches deep, and the water 
will fall about eighteen inches into each pond. These are being 
built beside our Birch Run Springs stream, among the densest of 
natural shade. It is an ideal situation. We have tested the 
water for several years past, because we trout men know only too 
well that fine looking water, clear and beautiful, does not always 
assure success. This Birch Run water is the softest in use at any 
of our trout hatcheries. 

We aim to raise at Bayfield each year quite a number of 
brook trout fingerlings, shipping many of them along in October, 
but saving a certain number each year to replenish our stock fish 
ponds and also those of our other trout hatcheries where the 
conditions are less favorable for raising fingerlings. We have nine 
hatcheries in our state, three of them being devoted to brook, 
rainbow, and brown trout. The Bayfield plant is more successful 
at this line than the others, in a number of ways, because the 
water is much softer than that at the other hatcheries. 

Our Wild Rose Hatchery has the most beautiful water in 
abundance, natural shade, plenty of fall, sandy, clean locality, 
where the trout streams are the best in the state for fishing, 
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where there could hardly be a doubt left as to its suitability for 
the propagation of trout, yet here we have met with conditions 
unfavorable to an extent undreamed of. But if we can get the 
trout past the stage of absorbing the yolk sac, our trouble is past. 
The eggs that are taken there annually—some two to three 
millions—are shipped to the Bayfield hatchery, where they hatch 
into the strongest of fry and we have no losses in the fry stage. 

The man with the feed pail and dipper, the man who selects 
the livers and plucks, the man that knows how to spread the feed 
and do a thousand other things properly, is truly the man respon- 
sible for the results, as it is with a successful stock raiser. For 
months and years he stands guard over these things and he may 
know little else and care less. It is confining work, but still very 
fascinating. 

The fry are fed five or six times a day, at first, in the hatchery 
vats, with very finely ground food composed of one-half liver and 
one-half sheep plucks. We find the plucks an excellent food, 
because the fine particles float, giving the little fellows plenty of 
time to get it, whereas, the liver will settle quickly to the bottom. 
However, the fry that have learned how to feed take it before it 
reaches the bottom. This finely ground food must all pass through 
a sieve before being mixed with the water for feeding, to make 
sure that there will be no pieces large enough to harm the fry. It 
is fed a little at a time and often at first, and how they do eat! 
During the five or six weeks they have been in the hatchery fry 
troughs, they have been absorbing nourishment from the natural 
food sac. They are eager now for a change of diet, and the little 
particles of liver and plucks are taken eagerly. What fun it is to 
see them retain their places at the headwaters, where the current 
is swift, and work for the food. All these things work into a 
trout man’s system, and become a part of him. 

Some of these little fingerlings are now growing faster than 
others and some of them are destined to be, at maturity, much 
larger than others of the same age. These larger ones must be 
separated from the others, or else there will be a tremendous 
loss during the late summer, for the large devour the small, 
especially in the brook trout. Those who maintain that the rain- 
bows are eternally eating up all the brook trout are, I believe, 
mistaken to a great extent. We all know the rainbow is a very 
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much hardier fish in suitable waters. We know it stands more 
abuse and is not subject to the copepod parasite that yearly 
carries off quite a number of our brook trout of two years of age 
and over in the wildest of streams, as well as in hatchery ponds. 
We do not remove the rainbow fry to sort, because we have not 
had any great loss through cannibalism, though there is just as 
much irregularity in size as among the brook trout at a given age. 
There is, however, one feature against the rainbow, in comparison 
with the brook trout, in that we find on the average a larger number 
of infertile eggs. 

A few hundred thousand of these little beauties in a small 
space make a sight to behold, rolling to the surface to feed and 
sparkling in the sunlight with their small red fins and tails. The 
water fairly crackles as those little bodies hit the surface in masses. 

The large breeders in the ponds will follow the feeder and his 
pail around the ponds and even come to the landing place and 
take food from his hand. One may see thousands of these trout at 
sunset jumping for flies, sometimes leaving the water three to 
five feet. To witness all this is living. 

Allow me to add in conclusion that we have at Bayfield one 
of the finest equipped hatcheries in this country, in ponds, in 
buildings, in water and in grounds that compare with the best 
kept parks in the cities, and we are proud of our work. 


PRIZES OFFERED FOR CONTRIBUTIONS. 


For the purpose of stimulating interest in fisheries problems 
and the work of the American Fisheries Society the officers of the 
Society have decided to offer prizes for the best contributions. 
Three phases of fisheries work are included, the cultural, commer- 
cial and the biological, under the terms outlined in the statement 
by President O’Malley which follows.—Ep1ror. 


WASHINGTON, D. C., May 28, 1918. 


To the Members of the American Fisheries Society: 

In order to develop interest in fish culture and related subjects, 
and to stimulate expression regarding them, the American Fish- 
eries Society has through its President and Executive Committee, 
decided to offer three prizes of $100 each, to be awarded at its 
meeting in New York City on September 9, 10 and 11, 1918, as 
follows: 

1. For the best contribution on fish culture; either new or 
improved practical fish cultural appliances, or a description of 
methods employed in the advancement of fish cultural work. 

2. For the best contribution on biological investigations 
applied to fish cultural problems. 

3. For the best contribution dealing with the problems of the 
commercial fisheries. 

A committee of three members of the Society, one a practical 
fish culturist, one a scientist and one a practical commercial 
fisherman, to be appointed by the President, will pass upon the 
material submitted. The conditions governing the competition are 
as follows: 

1. Any person who is a member of the Society, or who duly 
qualifies as a member prior to September 1, 1918, may compete 
for the awards. 

2. Each competitor is to notify Mr. John W. Titcomb, Record- 
ing Secretary, Albany, N. Y., before September 1 of the particular 
prize for which he intends to compete. 

3. Each paper or exhibit offered in competition to be in the 
custody of the Secretary of the Society on or before September 
3, 1918. 
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4. Each device, apparatus,.process, or method offered for an 
award is to be represented by a sample, model or illustrated 
description, each to be accompanied by a complete statement of 
the points for which an award is asked. 

The Society is to reserve the right to publish any papers or 
photographs submitted in competition prior to their publication 
elsewhere; provided, however, that in the event of failure to 
publish within nine months after the meeting the author will be 
at liberty to publish when and where he may elect. 

5. The Committee appointed by the President is to determine 
the competitors who are entitled to awards, and the decision of the 
committee is to be final. 

6. In order to obtain additional information, if desired, the 
committee may call before it persons who may have entered the 
competition, and also other persons. 

7. Ifin the judgment of the committee no paper submitted on 
a given subject comes up to the standard decided upon by it the 
author shall not be entitled to any award. 

8. The committee is to make its final report to the Society not 
later than the morning session of the third day of the meeting. 

It is hoped that every fish culturist, biologist and persons 
dealing with the problems connected with the commercial fisheries 
will make a special effort to present a paper on the subject in 
which he is interested, as anything that will increase the efficiency 
of fish cultural operations or the output of the commercial fisheries 
is highly important at this particular time. 


Very respectfully, 
Henry O’MAttey, President. 


THE 1918 MEETING. 


Don’t Forget the Annual Meeting to be held in 
New York City, September 9th, 10th and 11th. 


Can you not secure for the Society one or more new members? 
Every man engaged or interested in fish culture should be a mem- 
ber of the Society. The fact that a man is unable to attend meet- 
ings is no excuse. The publications alone are worth more than the 
price of admission. If you cannot send applications, please suggest 
names to whom the secretary may write. 


Joun W. Titcoms, Secretary, 
Albany, N. Y. 
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CERTIFICATE OF INCORPORATION OF THE 
AMERICAN FISHERIES SOCIETY 


We, the undersigned, persons of full age and citizenship of the United 
States, and a majority being citizens of the District of Columbia, pursuant 
to and in conformity with sections 599 to 603, inclusive, of the Code of 
Law for the District of Columbia, enacted March 3, 1901, as amended by 
the Acts approved January 31 and June 30, 1902, hereby associate ourselves 
together as a society or body corporate and certify in writing: 


1. That the name of the Society is the AMERICAN FISHERIES SOCIETY. 
2. That the term for which it is organized is nine hundred and ninety- 
nine years. 


3. That its particular business and objects are to promote the cause 
of fish culture; to gather and diffuse information bearing upon its practical 
success, and upon all matters relating to the fisheries; to unite and encourage 
all interests of fish culture and the fisheries; and to treat all questions of a 
scientific and economic character regarding fish with power: 

(a) To acquire, hold and convey real estate and other property, and to 
establish general and special funds. 


(b) To hold meetings. 

(c) To publish and distribute documents. 

(d) To conduct lectures. 

(e) To conduct, endow, or assist investigation in any department of 
fishery and fish-culture science. 

(f) To acquire and maintain a library. 

(g) And, in general, to transact any business pertinent to a learned 
society. 

4. That the affairs, funds and property of the corporation shall be in 
general charge of a council, consisting of the officers and the executive 
committee, the number of whose members for the first year shall be seven- 
teen, all of whom shall be chosen from among the members of the Society. 


Witness our hands and seals this 16th day of December, 1910. 


SEYMOUR BOWER (Seal) 
THEODORE GILL (Seal) ~ 
WILLIAM E. MEEHAN (Seal) 
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CONSTITUTION 
(As amended to date) 


ARTICLE I 
NAME AND OBJECT 


The name of this Society shall be American Fisheries Society. 
Its object shall be to promote the cause of fish culture; to gather 
and diffuse information bearing upon its practical success, and 
upon all matters relating to the fisheries; the uniting and encour- 
aging of all interests of fish culture and the fisheries, and the 
treatment of all questions regarding fish, of a scientific and 
economic character. 


ARTICLE II 
MEMBERSHIP 


Active Members—Any person may, upon a two-thirds vote 
and the payment of two dollars, become a member of this Society. 
In case members do not pay their fees, which shall be two dollars 
per year after first year, and are delinquent for two years, they 
shall be notified by the treasurer, and if the amount due is not 
paid within a month thereafter, they shall be, without further 
notice, dropped from the roll of membership. 

Any library, sporting or fishing club, society, firm or corpora- 
tion may upon two-thirds vote and the payment of the regular 
annual fee, become a member of this Society and entitled to all 
its publications. 


Life Members—Any person shall, upon a two-thirds vote 
and the payment of twenty-five dollars, become a life member 
of this Society, and shall thereafter be exempt from all annual 
dues. 


Patrons—Any person, society, club, firm or corporation, on 
approval by the Executive Committee and on payment of $50.00, 
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may become a Patron of this Society with all the privileges of a 
life member, and then shall be listed as such in all published lists 
of the Society. The money thus received shall become part of 
the permanent funds of the Society and the interest alone be 
used as the Society shall designate. 


Honorary and Corresponding Members—Any person can be 
made an honorary or a corresponding member upon a two-thirds 
vote of the members present at any regular meeting. 


The President (by name) of the United States and the 
Governors (by name) of the several States shall be honorary 
members of the Society. 


Election of Members Between Annual Meetings —The President, 
Recording Secretary and Treasurer of the Society are hereby 
authorized, during the time intervening between annual meet- 
ings, to act on all individual applications for membership in the 
Society, a majority vote of the Committee to elect or reject such 
applications as may be duly made. 


ARTICLE III 
SECTIONS 


On presentation of a formal written petition signed by one 
hundred or more members, the Executive Committee of the 
American Fisheries Society may approve the formation in any 
region of a Section of the American Fisheries Society to be known 
as the Section. 





Such a Section may organize by electing its own officers, 
and by adopting such rules as are not in conflict with the 
Constitution and By-Laws of the American Fisheries Society. 


It may hold meetings and otherwise advance the general 
interests of the Society, except that the time and place of its annual 
meeting must receive the approval of the Executive Committee 
of the American Fisheries Society, and that without specific vote 
of the American Fisheries Society, the Section shall not commit 
itself to any expression of public policy on fishing matters. 
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It may further incur indebtedness to an amount necessary 
for the conduct of its work not to exceed one-half of the sum 
received in annual dues from members of said section. 


Such bills duly approved by the Chairman and Recorder of 
the Section shall be paid on presentation to the Treasurer of 
the American Fisheries Society. 


ARTICLE IV 
OFFICERS 


The officers of this Society shall be a president and a vice- 
president, who shall be ineligible for election to the same office 
until a year after the expiration of their term; a corresponding 
secretary, a recording secretary, an editor, a treasurer, and an 
executive committee of seven, which, with the officers before 
named, shall form a council and transact such business as may be 
necessary when the Society is not in session—four to constitute a 
quorum. 


In addition to the officers above named there shall be elected 
annually five vice-presidents who shall be in charge of the following 
five divisions or sections: 


Fish culture. 

Commercial fishing. 

Aquatic biology and physics. 
Angling. 

Protection and legislation. 
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Vice-presidents of sections are expected to present reports at 
each annual meeting. 


ARTICLE V 
MEETINGS 


The regular meeting of the Society shall be held once a year, 
the time and place being decided upon at the previous meeting, 
or, in default of such action, by the executive committee, 
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ARTICLE VI 
ORDER OF BUSINESS 


Call to order by president. 
Roll call of members. 
Applications for membership. 
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Reports of officers. 

a. President. 

b. Secretary. 

ce. Treasurer. 

d. Vice-Presidents of Divisions. 
e. Standing Committees. 


5. Committees appointed by the president. 
a. Committee of five on nomination of officers for ensuing 
year. 

. Committee of three on time and place of next meeting. 

Auditing committee of three. 

. Committee of three on programme. 

. Committee of three on publication. 

Committee of three on publicity. 
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6. Reading of papers and discussion of same. 
(Note—In the reading of papers preference shall be given 
to the members present.) 


7. Miscellaneous business: 
8. Adjournment. 


ARTICLE VII 
CHANGING THE CONSTITUTION 


The constitution of the Society may be amended, altered 
or repealed by a two-thirds vote of the members present at any 
regular meeting, provided at least fifteen members are present 
at said regular meeting. 
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EDITORIAL. 


The Annual Meeting. On September 9, 10 and 11, the forty- 
eighth annual meeting of the Society was held in the Waldorf- 
Astoria Hotel, New York City, with an attendance of about 
seventy-five members. Twenty-eight new members were elected 
bringing the total active membership to six hundred and 
twenty-four. 

The meeting was marked by unusual earnestness in the con- 
sideration and discussion of problems. It may be safely said that 
never in the history of the society has there been a program more 
thoroughly scientific in character, nor, at the same time, one of 
greater importance in practical fisheries work. 


The important problem of pollution, the discussion of which 
was led by Prof. Henry B. Ward’s paper, naturally absorbed its 
full share of time at the meeting. The question of foods for the 
artificial feeding of fishes also evoked lively discussion, centering 
around important papers by Prof. G. C. Embody of Cornell 
University, and Dr. Sergius Morgulis of Creighton University. 


The paper by Prof. Embody, entitled ‘Results of Some Trout 
Feeding Experiments,’’ was awarded the prize among the com- 
petitive contributions on ‘‘Fish Culture.” Dr. Morgulis was the 
recipient of the prize in ‘‘ Biological Investigation”’ on his paper, 
“Studies on the Nutrition of Fish—Experiments on Brook Trout.”’ 
No prize was awarded in the class ‘‘Commercial Fisheries,” the 
only paper offered in competition being later withdrawn as not 
meeting the requirements. The offering of these prizes is a new 
feature of the Society’s work and they will probably be offered 
again. The interest from the Permanent Fund—the accumulated 
fees of Patrons—provided the money for the prizes, one hundred 
dollars in each of the classes mentioned. 
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Officers for 1918-19 were elected as follows: President, Mr. 
M. L. Alexander, New Orleans, La.; Vice-President, Mr. Carlos 
Avery, St. Paul, Minn.; Recording Secretary, Mr. John P. Woods, 
St. Louis, Mo.; Treasurer, Mr. A. L. Millett, Gloucester, Mass.; 
Editor, Prof. Raymond C. Osburn, Columbus, Ohio; and Chair- 
man of the Executive Committee, Mr. N. R. Buller, Harrisburg, Pa. 


A full account of the meeting will appear later in the 


Proceedings. 
R-C. O. 
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